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Description 

Technical Field , . , , u i 

This invention is in the fields of cell biology and cellular and molecular pharmacology. 

5 

Background Art 

It is known that many molecules of a wide variety are not transported, or are poorly transported, 
into living cells. Macromolecules, for example, such as proteins, nucleic acids, and polysaccharides, are 
not suited for diffusion or active transport through cell membranes simpiy because of their size. In order 

w to allow such macromolecules to pass into cells, cell membranes form small vesicles which migrate 
from the periphery to the interior of the cell, a process known as pinocytosis. This form of transport is 
generally less efficient, however, than the diffusion or active transport of smaller molecules, and thus, 
the cellular uptake of macromolecules is limited. . 

The most common reason why many small molecules are excluded or poorly transported into cells 

15 is their ionic charge. The mere presence of either negatively or positively charged groups severely limits 
cellular uptake of small molecules, such as nucleotides, nucleotide analogues, cofactors and a number 
of drugs. 

While the two reasons discussed above are the main factors which limit cellular uptake of 
molecules, there are undoubtedly other reasons as well. Because of these limitations in the cellular 

20 uptake of certain molecules, there has been a large amount of research directed to overcoming or 
obviating inadequate cellular transport of such molecules. 

One method previously suggested by Ryser involves the use of cationic polymers, i.e., 
macromolecules which bear a sequence of positive charges. In this method, it was found that cellular 
uptake of some molecules could be improved by the simple presence in the experimental medium of 

25 such cationic polymers, especially homopolymers of positively charged amino acids such as poly-L- 
lysines, poly-D-lysines and poIy-L-ornithines. See Ryser, H. J.-P., "Uptake of Protein by Mammalian 
Cells: An Underdeveloped Area", Science, 159, 390—6 (1968); and Ryser, H. J.-P., 'Transport of 
Macromolecules, Especially Proteins Into Mammalian Cells", Proc. Fourth Internat. Congress on 
Pharmacology (1970); and, Ryser, H. J.-P, "Poly(amino acids) as enhancers in the cellular uptake of 

JO macromolecules, in 'Peptides, Polypeptides and Proteins'", Proceedings of the Rehovot Symposium on 
Polyamino Acids, Polypeptides and Proteins and their Biological Implications, May 1974, E. R. Blout, 
F.A. Bovey, M. Goodman and N. Lotan, Eds, John Wiley and Sons, Inc., New York, pp 617—628 
(1 974). It has also been shown that protoplasts prepared from mesophyll of Nicotiana tabacum can be 
infected by adding purified tobacco mosaic virus particles to a protoplast suspension in the presence of 

35 poly-L-ornithine whereas infection does not occur if poly-L-ornithine is not present. See Takebe, I. and 
Otsuki, Y., "Infection of Tobacco Mesophyll Protoplasts by Tobacco Mosaic Virus", Proc. N.A.S., 64, 
pp 843 — 8 (1 969). The presence of strongly positively charged proteins, such as histones, also 
increased cellular uptake of albumin. See Ryser, H.J.-P. and Hancock, R., Science, 150, 

pp 502— 3(1965). ^ , « 

40 While this prior technique did improve cellular uptake of some macromolecules, it suffered from a 

number of deficiencies. For example, only minimal enhancement was found for some proteins, e.g., 
horseradish peroxidase. Also, the cationic polymers form, at most, reversible complexes with the 
molecule to be transported and may interact at random with other molecules in the medium which 
means that the enhancement lacks specificity and reproducibility. Further, it was found that 

45 enhancement required using cationic polymers of relatively high molecular weight, and that, for 
example, cationic polymers with molecular weights around 6000 were practically ineffective. See 
Ryser, H. J.-P., "A Membrane Effect of Basic Polymers Dependent on Molecular Size", Nature, Lond., 
2 15. pp 934 — 6 (1 967). In summary, this technique provided some enhancement of cellular uptake for 
some macromolecules, but even in these cases enhancement was only modest, non-selective, variable 

50 and required polymers of large molecular size. 

Other researchers have covalently linked enzymes to polymers for purposes other than cellular 
transport. Goldstein et al., in U.S. Patent 4,01 3,51 1 , for example, describe a method for insolubilizing^ 
or immobilizing enzymes by covalently bonding the enzymes to anionic or cationic resins. In this 
method, polymeric resins are formed by reacting ethylenemaleic anhydride copolymer (EMA) and a 

55 suitable diamine, such as hydrazine, p,p'-diaminodiphenyI methane or a primary aliphatic diamine such 
as 2 6-diaminohexane. Such resins are anionic, but can be made cationic by reacting them with N,N- 
dimethyl-1,3-propanediamine (DMPA) In the presence of an activating agent, such as dicyclohexyl- 
carbodiimide (DCC). Both the anionic and cationic polymeric resins can be covalently coupled to 
biologically active proteins such as enzymes. 

60 Goldstein et al. ('51 1) point out that immobilized enzyme derivatives serve as specific easily 

removable catalysts that can be used repeatedly in columns and in batch reactors. The invention 
described in U.S. 4,013,51 1 appears to be a continuation or earlier work by the same researchers 
which was generally directed to insoiubilizing enzymes by reacting them with polymers. See, for 
example U.S. Patents 3,627,640; 3,650,900; 3,650,901 ; and 3,706,633. All of these patents contain 

55 a description of various techniques which can be used to bond enzymes to polymers. Another patent, 
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digested by intracellular protSic eS2vmp.f »nH t£^<= '^^^^ example, the diamine used is not 
effects. FuJher. adequate'iatS^^^^ accumulate in cells and cause cytotoxic 

im^uSuS 0H^^r„^tS'dlS«t ^Z>^^ including ,„,r-„=™er d™g,, ,„ 
25 specific antigens U S 4 046 799 w ovl!l !. -u P"^P°s« °^ directing drugs to cells bearing 
the surface of ceils V^e killed t^wW^^^ l n'nnfv,'' ""?^""og'obulin specific for antigens on 
the polymer carriL having Se4e°ve?^^^^ T'^'. rr^o\BCi^\es are covalently bonded, 

to them. These PolymeJ'ttsTave nioS IS^OOO ' 'w"/ bonded 

SvStirbtrdT^^^^^^^^^^^^^ ^p^^^'^^^^^^ 

are descLd as PotlSy'tSuTroS^^^^^^^ 

British ^;;en?S%S;ton1T46 '''' "^"^ ^° -^'''^^'^^ described in 

disclose tecLiSues fo covafenit^ b^^^^ 3PP"''ati°n 76-2966. These patents 

« fragments of antibodies spedfic folf tSmor amigen's '° °^ antigen-binding 

is desSLd7n'XSVbTri^^^ anti-cancer drug to a polymeric carrier 

0 

Disclosure of the Invention 

are talen uTpSy'y ?lll? fheTn^Xn ^'^af.? ^ °' ''t'^'' ^'^""^ fro'" or 
molecules can be increased if a conruaa^^^^^^^ the discovery that cellular uptake of such 

5 cationic polymer. For s ent r'^un^^^^^^^^^ 

transport carrier for the excluded molprtVlp anM thf ' • 5^^'°""^ Polymer appears to serve as a 
membranes in a much S e#eS manner thanTh^^ is transported through cell 

uptake of molecules is enhanced bv fiit nnv.io„tS h ^^"^"^u*^'^ molecule. Thus, the cellular 
subsequently administeringl'e 'r^ll^rng^lS^ '° ' ^^'^'^^ 

' ceils in th "bX°ch?;LtriLVin'^^^^^^^^^^^^^ f ^''^^"y ^"^^'^ ^^^^ "Ptaice into living 

active moiety is covalently bonde^^ 7"j"9!^? ^^ich the biologicall? 

being selected to enhance the rate of cS Z >^ I^/^f 5^ '^^'^.'^"'^^ ^^'sht of the cationic polymer 
The invention also provTdes a method ^^^^^^ ^^''^^^'^^.^ extent. 

r cells in vitro characterised in that ths hininniLiKf f ^ ■ °f ^ biologically active moiety into living 

of a polymeric conSrateln whiS the n^^K c^ov^^^^^^^^^^^ is administered to the cells in the form 

weight of the cationic polyni^r beinq sTieSSd 1o en^^^^^^^^ ^% ^ If P°'>"^«^' molecular 

predetermined extent. ^ enhance the rate of cellular uptake of the moiety to a 

, cells i'n'thT Animal bX'Srto^rrVp'e^u'tic^^^^ ^ '-ing 

^°'^^Sn«°.^^ ^e5:ir°^i:^s;r 

into living ceils prior to^dmlnltXgThrbttrareTot^^ 
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covalently bonding the moiety to a cationic polymer wliich winen ttie moiety is admlnistsr^ri to th .. 
serves as a carrier to transport ti,e moiety into the ceiis, the moleculTr 3ght of tf ^ 2^^^^^^ odvm"r 
being se ected to enhance the rate of cellular uptalce of the moiety to a pr determS extern 

. pff= J ^'f". "'^'^ ^° "P^al^e of macromolecules which normally are not 

?ff««'vely transported into cells. These macromolecules Include proteins, such as enzS S ovJth 
actors or other regulatory proteins, peptides, polypeptide hormones, lect ns antiqens amibodSs nr 
fragments thereof; informational macromolecules such as DNA and RNA- subcS Slar irSenef^nH 
supermo ecular particles such as chromosomes or components Thereof? ^accffi^ 
Importantly, the method also has application to cellular uptake of excluded sn^iall moSs indudh^a 

>o nucleotides, nucleotide analogues, cofactors (e.g. cyanocobalamin), and druas 1^06^2 aJ S 

mS ?'«rH% ^T^V? "'"'^ f ^"V subSance used tl S^ft a d ^ase o to 

modify a condition in living organisms, particularly including human beings and oXr mammals^ 

o„,^ '"e degree of enhancement of cellular uptake has been found to be surprising and dramatic For 
some proteins for example, the formation of a conjugate according to this invention has beeTfound to 
rs increase cellular uptake by factors ranging up to several hundred-fold. 

In addition to the dramatic enhancement of cellular uptake, this invention has other sionificant 
advantages. For example, the invention may require the modification of only one carboxy groupTocated 
on the surface of a functional protein. Such minor modification is not likely to d2t?orbioloqical 
^ °' ^"'"^P'^' ' biologically active enzyme can be conjugated and transpS into ?ells 
SiS ""i^'""''" f."'^'"^- Furthermore, this invention employs re^th^ely sS amounts of 

cationic polymer and is not limited to cationic polymers of large molecular size. 

which^rp p^HnHnn"!?''^ important is the fact that this invention is also effective with small molecules 
b^n f Jin ^r.l[^ ^^ °\ P°°r'y,5ansported into cells as long as those molecules can be covalently 

25 traS snort of mn{i"^Mif "'^"^ ^^""J' ^^P^'^'^ °* P^°^'d'"g dramatically increased cSar 

25 transport of molecules such as drugs, co-factors, nucleotides, nucleotide analogues, etc 

<=,.rh « nni?i*'f^^®' ^ "l"^ '"^Portant advantage can be gained by using selected cationic polymers 
such as poly-L-lysine and poly-L-arginine, which are excellent substrates for physiologic pro eXTc 
enzymes present in mamrnalian cells. This means that these cationic polymers, a Jr Sg se™ edTa 

30 proS. " '"'"'"^ °' '"^'^^ ''^"^ normalThysTobgic by- 

Brief Description of Drawings 

FIG. 2 IS a plot illustrating the uptake of labeled methotrexate (MTX) and labeled methotrexatP 
poly-L-fysine con ugate by transport-proficient and traniport-deficirnt ceflsT 

40 poly-L Sine coKaa rS%u '^'?'' °^ "'"hotrexate (IVITX) and methotrexate- 

deficienrSs, ^ (MTX-PLL) administered to cultures of transport-proficient and transport- 

lysine'lt,t?ate tx^pTlf 'ff°jy '^''J methotrexate (IVITX). methotrexate-poly-L- 

lysine coniugate (MTX-PLL) and partially digested conjugate on dihydrofolate reductase activity! in 

MTX-PDl! coiljUgates? °^ '"^^^"""'3^ degradation products of 'H-MTX-PLL and ^H- 

survivaUf mice" be'arrg snl?LillS^XTj^^^^^ "^^'^ - 

.0 merca'Ltn^^^^^^^ S- 
cTnS»X^.Wrd%K^^^^^^ and free po^-L-ysine ,?LL): 

correct'ed fo' eq^tLar Se^tS^iont ""^'^'^ °' °^ -^'"^ ^'^ht 

ss inges^bj^j;^^^^^^^^ i^t^^rm" 

so L-.ysinT(pl!)%^o^tSS^ Of HSA and each of poly- 

Best Mode of Carrying Out T/ie invention 

65 such as peotk^ls ?nc uH^n r T^^^ '"'^'"'^^'^ ^^e^ain macromolecules 

peptides, including oligopeptides, polypeptides and glycopeptides; proteins, including 
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SSnh«.r ?rganel es. Many small molecules are also suitable, including drugs Store (e a 
or only poorly transported into cells and which can be covalently bound to a cationic oolvmpr it = 

" r«^tl^^^VSSin^^ «^"SZ*ii tl^'T^ "''""'V. secondary o, 

groups'ln side chains XiSiZTl^L^lrZ "^'^ ^ <"'""' 
polylamlnes): or amino subSentrjdfri '^ I^ i''"'"?^'' = P"''™' backbone as fn 


J5 


" II H 

HgN-CH-C-^^H-CH-C-^NH-CH-C-OH 

(^"2)4 (k)^ 


residues. Cationic poly{amino acid Jare nrSprrpH hn^*^ ^ ! I "^^^ noncationic amino acid 

so uptake which they provide AdS tlona ly T l ofteS dSnl ^"'""g enhancement in cellular 

digested by proteolytic enzymes oreSm in mamm^iiS 1 if ^ to employ cationic polymers which are 

These inc ude potme's wfth'^ ^"'^^'''^ ^^^ition to poiy(amino acids). 

SB as in the caseVsubSed ?Ses (e ?^dE;'.r^'''^^^^^'T'^ ^T^^ ^^^^ l'^^" bonded 
substituted copolymers of ethvlenp pnrt J!"^^^ diethylaminoethyl dextran), substituted cellulose, 
etc. Polyamines, such as for Ktan^^^^ substituted lactic or glycolic acid polymers 

suitable. See Examples 9 and 10 below °' ^ polymers, are also 
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In general, multiple positive charges present on a polymer or macromolecule will enhance cellular 
uptake of that molecule. In most cases, such multiple positive charges will give th moiecul a net 
positive charge. In other cases, however, the multiple charges may form an adequat sequence in th 
primary structure, or both, to caus enhanced cellular uptake, ven though the molecule does not have 
an overall net posltiv charg . For example, a molecule containing a limit d number of positive charges 
at various intervals in its primary structure may fold in a manner such that a cluster of positive charges 
will be positioned in the same spatial area of its tertiary structure. Alternatively, a copolymer of 
polylamino acid) with a neutral or negative net charge may contain a functionally important cluster of 
positive charges. Therefore, when used herein, the term "cationic polymer" refers not only to a 
macromolecule which has an overall positive net charge, but also includes macromolecules which 
contain sequential portions or spatial arrangements of positive charges sufficient to confer on them the 
transport properties of cationic polymers having a positive net charge thereon, 

Conjugation can be achieved by well-known chemical reactions. For example, carbodiimide 
coupling can be used to couple a carboxyi or phosphate group on the molecule to be conjugated with 
amino groups of a cationic polymer. Such reactions are described in the following articles: Halloran, 
M. J. and Parker, C. W., *The Preparation of Nucleotide-Protein Conjugates: Carondiimides as Coupling 
Agents", J. Immunology, 96, 373 (1966); Carraway, K. L, and Koshland, Jr., D. E., "Modification of 
Proteins by Carbodiimide Reaction", Methods In Enzymology, Vol, 25B, p 616 (1972); Sheehan, J.C. 
and Hess, G. P., "New IVIethod of Forming Peptide Bonds", J. Am. Chem, Soa, 77, 1067 {1955); and 
Kurzer, F. and Douraghizadeh, K., "Advances in the Chemistry of Carbodiimide", Chem. Rev., 67, 107 
(1967). 

A typical conjugation reaction between a protein (P) and a poly{amino acid) (PAA) and employing 
a carbodiimide (CDI) catalyst can be illustrated as follows: 



CDI 


C-OH 

II 
O 



+ 


PROTEIN 


PAA 


PROTEIN-PAA 
CONJUGATE 


Such a conjugation is further illustrated by Examples 1 and 2 below. 

Siniilarly a typical carbodiimide conjugation reaction between a nucleotide formed from a purine 
or pynmidine base and a poly(amino acid) can be illustrated as follows: 


BASE 


0 
II 




w 

OH OH 


OH 


H^N 


0-P-OH -j- 


NUCLEOTIDE PAA 


H2N- 


BASE 


CDI 


w 

OH OH 


^O- 



■f HpO 


NUCLEOTIDE-PAA 
CONJUGATE 
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^""'^ rnn^!!!"i'*'°" " ''""strated by Example 1 5 below. 

amino' Ss on 'coVuSte moS Sh'TmlnT^t^"'^^ glutaraldehyde coupling between 
coupling is describ d in th foiri SterSe r^^^^ ''"°c"'° G'^taraidehyde 

Labelled Antibody and Fab CoSSs wi ?ES,an Jd Int^ d "^^'^V^'^' "Peroxidase 

1175—1179 (1971)-GonataVN «• k-h^ 11 ^^^^^ " ""'ar Penetration", /m/77u/joc/7e/n«r/y, 
- Lectin Conjigates" 7^ 1-^3 li'lyyi '"'^ "Horseradish Peroxidase 


50 


55 


60 


65. 


emp.o?rS\rnce^^^e^^^^^^^^^^^^^ r' uffi'^ °' -"i"^^*- be 
carbohydrate-containing molecu es to ^ny amino aZn ln J! ° daunomycin or other 

in the following literature reference the teaSfna orwUh I "^"'^'l l""^^ « ^«^«ion is described 
Levy, R., Maron, R.. Wilchek, m" Amon R and Sela M ';!'"'^°''P°^ated by reference: Hurwitz, E., 

Conjugation can also be achieved'by'ushia a^l^te;rn^^^^ ^^^5' ^^^^S). 

carrier. Examples of such intermediate molecu es wh rh Zht^? T'^°" ,^ *° ^i-^g to the 

's oligopeptides, succinyl anhydriT and ,Sl<^ir «„hi?r "^"^'^ «P^°er molecules, are 

molecules may require a two-step feactfon S whiS ^ -.^""'"^"'r ' T'^'"'^ incorporate such spacer 
the spacer-drug conjugate °s then SSSTto t^ r«rS? =Pf'=^^'^°'e°"'e f first linked to the drug and 
herein, encompassed the use S such sna^r ^^^IpoIc A?'^^^^ "covalently linked", as used 
cationic polymeric carrier ^ molecules to bind the molecules to be transported to a 

correlation will hold for other catiS nTml a/k ^ * ^''^^''^^'^ ^^"^^ same 

difference molecular sizes, and prSd tK K S^^^^ -s conjugated to poly-L-lysine of 

can be seen that the level of cellular UDtakP nf tho n^5^ !^ 1^'* "^^'^l"^ °^ poly-L-lysine Is constant, it 

0 weight of the poiy-L-lys ne ca rier HenS tTr.T^'i^^Y,'^'''^ ^^^t^^mined by the molecu ar 
predetermined by ihe molecular Ike S t^JT °^ "^^Y^' ''P^^^ °^ ^ conjugated drug can be 
course, also depends uX ?he number of drun mS.°"f ^'^^'"^I"' '^^^ "^^^ °^ drug uptake, of 

Although the rat? of ceilZ uptake ?ncre^^^^^^^ T'^*?' ^^^^er. 

polymers such as poly-L-lysine. it does not foMow thnt J '""^^t!!"^- ""o'^^^'ar weight of cationic 

f always be seen. For eLmKhL factor! nip! ^^^^ ^ comparably increased biological effect can 
biological activity. ^ ""^^ P'^^^nt such as intracellular degradation affecting 

Polymt^ rfoTm' S^^'r 'ato b^crr^lS^Thi? c?t '^"^f "^^^ ''""^^'^ *° 
polymeric carriers which differ in thersusceoSS v to i"n?^S.oi?T Po'vcationic 
that poly-L-lysine is very suscept^Sre to tiSn l^Vo^ digestion. It is known, for instance, 

not. This is demonstrated by the 3a a 5 Soles 17 a^d^Tho?'^''^^^^^^^^ ^'^"^ poly-D-lysine is 
(MTX-PLL) and methotrexaLpoly^SljLne ffily-PDU methotrexate-poly-L-lysine 
shown by Example 16, they have dinZ^nt hZlnin^^^^ comparable rates, as 

MTX-resistant cells; IWTX^PDL has n^ISch & '''' ^^^'^^^ '"'""^'^ '"'^''"^^ Srowth of 

amino'adrortm^pXme'fofu'n^^ ^^'^^d by using copolymers of 

and FIG. 12, and the'^eSSpo ly £h^^^^^^ 

between that of poly-L-lysine and Sy-L-ornTtSfnT «"scept,bility to trypsin intermediate 

to catfo^p^lyrlst toSfyS ^'j^^ -valently bonded 

of a spacer molecule which is bonded on ^Sf tn th?^ modification is the introduction 

described above. When such a sSr molecul "'"5^""* °" ^'^^ to the carrier, as 

to proteolytic digestion, it can be' seSdrtol^^^^^ ^"^ ^^^"'^^ ^"sceptible 

when the cationic carrier is not itself digestible 

wej a?°?nSnnV th?dl;:j^'f^^Sa\^,;^^^^^ ^t^^'"? ^'^^ "Ptake as 

techn ques by employing, routine exSeSon^ f^^^^^^^^ ."^ above-described 

It should be recognized that a m^rrn^nio.!.^ determine the exact con ugate for their purpose 

transport carrier could itself be bonded to orTmSn 2tJ" ^° « ^^tionic polymerii 

Itself be carrying a core of sS moiSS LDrld^^^^^ 

macromolecules which have such special transport pro^ertii ' '""^P'^' ^''^'^P'^^ 
^^^s^r^^^^'^'J^^^^^Z^-^^^ cells or only poorly 

chemoilar e%e^?£lr thos'^ toK^ SJug^SUr~^^^^^^^^^ 
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chemotherapeutic applications are now described. 

On significant reason for resistance to a chemotherapeutic drug is a deficiency in celiuiar uptak 
of that drug. A prototype drug known to encounter the development of such resistance is methotrexate. 
Methotrexate, a widely used cancer drug, is an analogue of folic acid and blocks an important step in 
the synthesis of tetrahydrofolic acid which itself is a critical source of 1 -carbon compounds utilized in 
the synthesis of thymidylate. Thymidylate is a building block that is specific, and therefore especially 
critical, for DNA synthesis. 

A conjugate formed between methotrexate and a cationic polymer, particularly a poly(amino acid) 
such as poly-L-lysine, would enhance cellujar uptake of methotrexate and carry the drug into 
methotrexate-resistant tumor cells. A carbodiimide coupling reaction for forming a suitable conjugate 
between methotrexate and a poly{amino acid) can be illustrated as follows: 


15 


20 


25 



NH, 


CH. 


CH. 


COOH 


l( I 

C CH 


\m/J 


N 
H 


CH, 


COOH 


H^N- 


+ 


H^N- 


CDI 


METHOTREXATE 


PAA 


30 


35 


40 



CH. 


N 


C CH 
H 


CH. 


0=C"NH 


M E THO TREXA TE-P AA 
CONJUGATE 



45 


SO 
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Although the above reaction is shown for purposes of illustration as involving one molecule of metho- 
trexate conjugated through one of its carboxyl groups to one amino group of the carrier, in practice a 
number of molecules of methotrexate could be conjugated to a number of amino groups belonginq to 
one molecule of cationic polymer, as illustrated by Example 13 below. Also, both carboxyl groups of 
each methotrexate molecule might be conjugated. Additionally, it should be understood that other 
reactions could also be used to covalently bond methotrexate to a poly(amino acid) or to other cationic 
polymers and that such reactions could include the incorporation of a spacer molecule as described 
aDove. Methotrexate is one example of a drug to which ceils can be or can become resistant because of 
deficiencies in cellular uptake, but there are others. For example, 5-fIuorouracil, fluorodeoxy uridine 
cytosine, arabinoside, vinblastm, vincristin, daunorubicin, doxorubicin, actinomycin, and bleomycin all 
suffer from similar limitations, and conjugations of these to cationic polymers would also increase 
cellular uptake of these respective drugs into otherwise drug-resistant cells. 

Another chemotherapeutic application of this invention arises in regard to those drugs to which 
cells become resistant due to inadequate intracellular activation of the drug. A prototype of a cancer 
drug to which tumor cells have become resistant for lack of drug activation is 6-mercaptopurine (6- 
MP), a punne analogue, A common cause of tumor cell resistance to 6-MP is the loss of the enzyme 
hypoxanthine guanine phosphoribosyl transferas (HGPRT) which activates 6-MP into its 
corresponding nucleotide. Generally speaking, a nucleotide is the ribosyl- or deoxyribosyl phosphate of 
a punne or pyrimidine base, and more specifically in this case, a nucleotide analogue is the ribosyl- or 
deoxnbosylphosphate of a purine or pyrimidine base analogue. Th HGPRT activation of 6-MP, to the 
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nucleotide analogue, 6-mercaptophosphoribosylpurine (6-MPRP), requires the attachement of 5- 
foltows" 5-phospho-a-D-ribose pyrophosphate (PRPP) and can be iSted Is 


to 
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When the HGPRT enzyme is absent, 6-MP is without effect since the lethal form of the drug i e the 
nucleotide analogue 6-mercaptophosporibosyl purine (6-MPRP), is not synthesized following cellular 

UpiS K6* 

This resistance could be overcome if 6-mercaptophosphoribosyl purine itself could be introduced 
into the cell. Although this compound is commercially available, it has heretofore not been used 

^f'^a^^ent because it is not adequately transported into living cells. 
Modification of this drug to covalently bond it to a cationic polymer would dramatically increase its 
Ldd^ cross the ceil membrane. An example of a carbodiimide conjugation to covalently bond 6- 
MPRP to a poiy{amino acid) through a terminal phosphate groups of the nucleotide analogue is given in 
Example 29 below and can be illustrated as follows: 



45 


PAA 6-^PRP-PAA 

CONJUGATE 

* 

'° trS^u'S^Tl^nipp^t' T"^' "'.'"^ °^ 6-mercaptophosphoriboxyl purine 

tha^n po'lylai^S^^^^ conjugations could, of course, be made to cationic polymers other 

thiogu^^n1ne!pLLroXa%r?r.!lI'h^^ ''"w'.*'' ''^"S "^"^^ thioguanine. A similar 

55 enSrmrHGPRT. ^ overcome resistance to this drug due to lack of the 

There are also pyrimidine analogues which undergo activation to nucleotide analogues. These 
include 5-fluorouracel. 5-fluorouracil deoxyribose, 5-trifluouromethyl deoxyuridine, trfacetyl-e- 
azauridme, cytosine arabinoside and adenosine arabinoside. The drug cytosine arabinoside, for 
instance is an analogue of cytosine riboside, which is a physiological nucleoside. A nucleoside is a 

60 ibosylated or deoxyribosylated purine or pyrimidine base. cVtosine arabinoside is rnucleoside in wi^ich 
the normal pentose, i.e.. ribose, has been replaced by an abnormal pentose, i.e., arabinose. The 
activation of cytosine arabinoside to the corresponding nucleotide requires the attachment of a 
H^fhn^cnl^^^^^^^ adenosine triphosphate (ATP), the latter being converted to adenosine 

diphosphate (ADP). This reaction is catalyzed by the enzyme deoxycytidine kinase (DOCK), accordinq to 

00 the reaction: " 
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There are known cases of drug resistance due to the loss of the enzyme deoxycytidine kinase In 
such cases, cytosine arabinoside is without effect, since the lethal form of the drug, i.e., the cytosine 
arabinosylphosphate nucleotide, is not synthesized following cellular uptake of the drug. The activated 
form of this particular dmg, and other similar drugs, is commercially available but has heretofore been 
therapeutically inefficient because it is not transported into living cells. However, catlonic polymers 
such as poly-L-lysine can be coupled to the terminal phosphate of the cytosine arabinosylphosphate 
nuceotide, or other nucelotide analogues to enhance their cellular uptake. 

Another form of drug resistance encountered in cancer chemotherapy is due to increased break- 
down of a drug within the cell. One illustrative pathway of such inactivation is deamination of a 
pyrimidine base. It is known, for example, that cytosine arabinoside is more susceptible to deamination 
than Its corresponding nucelotide. Thus, the direct introduction of a conjugate form of the nucelotide 
analogue cytosine arabinosyl phosphate would have the added advantage of being less susceptible to 
that form of inactivation and would thus be capable of overcoming a drug resistance that is due to 
increased drug destruction. 

In addition to its utility in the cancer chemotherapeutic techniques described above, this invention 
also has significant application in aspects of cancer chemotherapy not necessarily related to drug 
resistance. For example, certain nucleotide analogues, which were found to be biochemically very 
effective in cell free systems, have never been developed as potential drugs because of their poor 
transport into cells. One such nucleotide analogue which is a very powerful inhibitor of DNA synthesis 
in cell free systems is dideoxyadenosine triphosphate. In cell free systems, this nucleotide analogue is 
incorporated into DNA, and once incorporated, blocks further elongation of the DNA molecule 
because of lack of the chemical group (3'-hydroxyl) required for polymerization. This compound cannot 
be used in the form of its precursor because cells are unable to synthesize a nucleotide of 
dideoxyadenosine. The nucleotide itself is not effective in therapy because it is not adequately taken up 
by cells. However, if this nucleotide were covalently bonded to a cationic polymer, such as poly-L- 
iysine, it could be transported into cells and function therein to kill tumor cells. 

Still another application for this invention in cancer chemotherapy relates to a recently developed 
treatment for bone and muscle tumours wherein lethal doses of a drug, such as methotrexate are 
administered, followed by administerion of large doses of folinic acid. This is known as rescue therapy 
because the doses of methotrexate administered would kill the patient by totally depleting the stores of 
fo inic acid if the patient were not saved after a suitable interval by administration of large doses of 
folinic acid. Folinic acid is taken up readily by normal cells and less so by tumor cells, and thus the ratio 
of tumor to normal cells killed is improved. Such improvement could be especially significant in drug 
resistant tumors with deficiencies in methotrexate transport, because such deficiencies often extend to 
the transport of folinic acid. 

^ Comparable rescue procedures have not yet been worked out for drugs other than methotrexate 
for instance, purine or pyrimidine analogues. In theory, they could be used in the course of therapy with 
b-MP or any of the other purine or pyrimidine analogues mentioned previously, since the agents of 
rescue, i.e., normal nucleotides, are known and commercially available. The reason nucelotides have 
not been used for that purpose is, once again, that such nucleotides do not enter cells. If these nucelo- 
tides could be modified to penetrate into ceils, they would immediately become available as rescue 
agents. The principle of this rescue treatment is to provide ceils with the product of the enzymatic 
reaction that is blocked by the drug. 

The rationale of this rescue procedure is that fast growing normal cells which are hit by the drug 
may respond more favourably than tumor cells to th antitode of the drug, i.e., the normal nucleotides 
Empincal tnals have shown that this premise is fulfilled for the folinic acid-methotrexate combination 
Thus, there is a good reason to assume that this premise would hold for the combination of purine or 
pynmidine analogues and the corresponding normal nucleotide conjugates. 
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,r,!or.!!?.?^K ^^'^^^I chemotherapeutic applications, this invention can aiso be used in anti- 

microbial chemottierapy. For example, adenosine arabinoside, a nucleoside very simLrto cytos?ne 
arabinoside, has been found to be very effective in the treatment of Herpes Encephalitis, a viral infection 
of the brain. To be effective, this drug must be activated in the cell to a full nucleotide adenosine 

5 arabinosyl phosphate, which inhibits virus replication inside the cell. It is Icnown that this drug has not 
been effective in all cases and it is probable that one reason for some of the failure has been drug 
resistance occurring either because this drug is taken up too slowly by infected ceils, destroyed too 
rapidly inside the cells or not properly activated into fully effective nucleotides. Thus, the availability of a 
conjugate between adinosine arabinosyl nucleotide and poly-L-lysine or other cationic polymer would 

0 overcome such drug resistance. 

The invention is further illustrated by the following specific examples. 

Example 1 

Covalent bonding (conjugation); of poly-L-lysine to human serum albumin 
^ «7nn^'^t-^.,"'"i']Tfo"J®''"'r 3"'"'"'" (USA), poly-L-lysine (PLL) of average molecular weight of 

9n r?;l".J' f dissolved in equal amounts of 

20 mg each in 0.8 ml water. This solution was incubated at 25''C for 3 hours with occasional shaking 

and then loaded onto a Sephadex G100 chromatographic column which had been previously 
equilibrated with 0.01 M phosphate buffered saline (PBS), pH 7.0. After loading, the column was eluted 
with PBS and fractions containing protein coming out of the column at and around the void volume 
were collected, pooled, concentrated to a volume of 1 .0 ml, and then diluted with water to a volume of 
1 0.0 ml. In order to remove unreacted HSA, this low salt solution was passed throuqh a DEAE- 
Sephadex column. 

A standard radioimmunoassay for HSA using anti-HSA-antibodies showed that the purified HSA- 
PLL conjugate had lost more than 99% of its initial HSA antigenicity, and thus that the preparation 
contained less than 1% unmodified HSA. 

ucA J'='Y'3'^'de disc gel electrophoresis at pH 4.5 showed the absence of unmodified HSA. The normal 
HSA band was replaced by a set of bands, including some faster moving bands, as would be expected 
for highly positively charged conjugates. The complexity of the electrophoretogram may suggest some 
poly-L-lysine induced crosslinkage between HSA molecules. 

Example 2 

Covalent bonding (conjugation) of poly-L-lysine to horseradish peroxidase 

H^® ''I'™'^''®® reactants of Example 1 were used except that 20 mg of horseradish 
peroxidase (HRP) was substituted for HSA. 

Upon acrylamide disc gel electrophoresis at a pH of 4.5, unreacted HRP displayed two close and 
sharp bands of equal intensity. These two bands were no longer visible in similar electrophoresis of the 
reacted HRP. Instead, these two bands were replaced by faster moving bands as would be expected for 
highly positively charged conjugates. There were also several new slow moving bands, suggestinq that 
poly-L-lysine had casued some crosslinkage between HRP molecules. 

The reaction solution was loaded onto a Sephadex G100 chromatographic column which had 
been previously equilibrated with 0.01 M PBS, pH 7. Elution with PBS gave the profile presented by the 
so Id curve in FIG. 1. This curve was obtained by measuring the HRP concentration of successive 2 ml 
column elution fractions using the absorption of the heme group of HRP at 403 nm as a measure of 
concentration. As can be seen, there is a main peak corresponding to unreacted HRP and a shoulder 

contim HRP tl fr^n- '^.u''^ '^''"!'^'' corresponds to HRP-PLL conjugate. The fractions 
containing HRP-PLL conjugates, i.e.. the equivalent effractions 14 to 19 in FIG. 1, were pooled for 
use in the expenments described in Examples 6. 7 and 8. The enzymatic activity of th^ HRP PLL 

rof ac"c\ZTth^lL'^^^^ °' unconjugated HRP using an assay employing dianiddine as an elec- 
tron acceptor, in this assay the rate of color development at 460 nm (AA«„ /min) is used as an 

HRpiraboit'soTo ?q°4 ^ decreased-Vhrenzyriiatic aSvi^ of 

The enzymatic activity of each 2 ml fraction eluted from the column was determined using the 
same assay. The resulting data are shown as the dashed curve in FIG. 1. 

Each elution fraction was aiso tested for transport into L929 fibroblast cells as described in 
Example 6, below. The resulting data are plotted as the partially dotted — partially dashed line in FIG. 
1. These results show that the HRP-PLL fractions which enter cells most effectively are the firet fractions 
eluted from the Sephadex column, hence the fractions containing the conjugates of largest molecular 

uliFm ■ • purpose of the experiments described in Examples 6, 7 and 8, the pooled 

HRP-PLL fractions were used. 


Example 3 

Cellular uptake of HSA-PLL conjugate compared to that of unmodified HSA 

In order to measure cellular uptake of HSA-PLL conjugate, conjugate was prepared using the 
procedure and reactants of Example 1 except that prior to reaction, some of the crystalline HSA was 
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radioiodinated with i^i using the chloramin T-iodination procedure. See Sonoda, S. and Schlamowitz 
M., "Studies of ^^^\ Trace Labeling of Imnnunogiobin G by Ch!orannin-T/' Immonochem, 7, 885 (1 970)! 
The measurement procedure for cellular uptak was similar to that previously d scribed by Ryser in 
Lab, Invest, 12, 1 009 (1 963) and also in "Uptake of Protein by Mammalian Cells: An Underdevelooed 
5 Area/' Science, 159, 390 — 6 (1968). 

Monolayers of L929 mouse fibroblast cells were grown to confluence in Eagle's MEM medium 
supplemented with non-essential amino acids and 10% fetal calf serum. Cell cultures containing 
unmodified labeled HSA and ceil cultures containing labeled HSA-PLL were incubated for 60 mins. at 
37°C in serum-free Eagle's MEM medium. After incubation, the monolayers of cells were washed twice 
10 with 5 ml of basal salt solution (BSS) at neutral pH and detached from the culture flask by brief 
exposure to trypsin. The detached cells were washed twice by centrifugation and resuspension in 5 ml 
BSS, once by resuspension in 5 ml heparin-containing BSS (5 mg/ml) and twice more with 5 ml BSS 
The purpose of the wash in heparin-BSS was to remove HSA-PLL conjugates adsorbed to the cell 
surfaces by complexing the polycation part of the conjugate with the polyanion heparin. After this 
15 extensive washing procedure, these cells were dissolved in 1 N sodium hydroxide. The protein 
concentration of this cell extract was determined by the method of Lowry as described by Lowry, 0. H. 
Rosebrough, N.S., Farr, A. L, Randall, R. J., "Protein Measurement with the Folin Phenol Reaaent" J 
BioL Chem,, 193, pp. 265—75 (1951). y ' • 

Its i25| radioactivity was measured in a gamma scintillation counter and expressed as »g of ^^sj. 
HSA per mg of cell protein. This measurement was used as an expression of the cellular uptalce of ^25|- 
HSA and of its PLL conjugate during the 60 min. incubation. The concentration of i25|_hsa in either 
unmodified or conjugated form was 50 //g per ml of incubation medium throughout. 

Two experiments were performed, and both included a direct comparison between cellular uptake 
of labeled HSA-PLL conjugate and labeled HSA. In addition, the first experiment included a measure- 
25 ment of cellular uptake of labeled ^^^l-HSA when administered to the cells in the presence of 1 0 Wml 
of PLL and the second experiment included a measurement of the cellular uptake of labeled "ChSA 
when administered to the cells simultaneously with 50 /^g/ml of non-labeled HSA-PLL conjugate. 
Cellular uptakes determined in this fashion were as follows: 


20 


30 Uptake in 60 Min. 

(/ig/ml cell protein) 


Experiment 1 Experiment 2 


35 ^^s|-HSA-PLL 5.2 5.9 

'^'i-HSA 0.41 0.60 

1251-HSA + 10 ^g/ml PPL 0.41 — 

40 

^25H-HSA + non-labeled 

HSA-PLL (50 ^g/ml) — o.77 

o^u- ^t^u^ be seeri from the data, an approximate tenfold enhancement of cellular uotake wa^ 
1 "'Jh^!, conjugation of HSA to PLL. Free poIy-L-Iysine of the same mdeclrweSt ^e 670^^^ 

dtt:2tfb elnSareTe^VoP^^^^ ''^T''' ^^'^^"^^^^ ^ JrnlSno^^^^^^^^^^ 

added to unmn^^^^^^ Sca "^u^ "P*^*"^- ^^^hermore, when unlabeled HSA-PLL conjugated was 
the uotake o^^^ H^^ ' ^^^^^^^ not cause any significin? effect on 

50 nnked tn ^^^^^^ '^'u '"^"'^^ ^^^^ "^^^^ ^ ^he HSA ?rotein covalent^J 

D . r L Example 4 

5/r '^^^"'"1°^ enhanced cellular uptake of HSA-PLL conjugate by trypsin-treatment 

PLL coniuSS?w",s ^rSj'P'-tK followed except that, prior to the experiments, part of the HSA- 
Lgradation o^^ PLL n ff^™- 7"""- m " ^^'^ '"""''^'^^ *° *^P='" digestion, and enzymatic 
realized ^^cause of ihe PLl" '° ^"'^^"'^^^ ^^""'^^ ^-P^^K^ 

60 trvosi^ fofut?on^('S^o/?^o"?^''''-^ i^-Ij^K"'^^ P''5P3™d as in Example 1, was mixed with 30xtl of 
Soed Sv dSutinn th?n 'T^^'f 5 min. in a 37°C water bath. The enzymatic reactionW 
fe^a^calf sPrJi Tfpc;^ tk- "^"^1"^^ jvas 8.0 ml with Eagle's MEM medium containing 5% 

m fi?,/ tho ' '•• ^^'^ HSA-PLL concentration to 54„g/ml, which was 

rrSloH MQ^m,'" '".^^^-^Ple 3. Cellular uptake of the untreated HSA-PLL Wgate of 7hl 

es Xle 3 The"resul?rS?'. °' "-°"|-"9^^^^ "^A were measured following thi p'rocedurJof 
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Uptake in 60 min. 
(/ig/mg cell protein) 


10 


"si-HSA-PLL (no FCS) 5.9 

'«i-HSA-PLL (+5% FCS) 6.2 

'«i-HSA-PLL {+trypsln and 

+5% FCS) 2.2 

'«I-HSA 0.6 


^nnfnvimftfit nn^ ^'^'l^'" ^'^^^"^^^^ HSA-PLL conjugate decreased its uptalce by 

approximately 50% when compared to the uptake of the non-trypsinized HSA-PLL conjugate. This 
mdicates that the enhancement of uptake is determined by the PLL-content of the HSA-PLL conjuoate 

fnnl^ta 'TS^'TJH"? r'°",l'' ^^"^ ^^'P^otQ'i to further decrease enhancement. The data also 
indicate t^at the 5% fetal calf serum used to terminate trypsin ization did not, by itself, modify the 
cellular uptake of the HSA-conjugate. The figures obtained for the cellular uptake of HSA-PLL and MSA 
are in close agreement with the data of Example 3. h e ui noM ruu ana noA 

Example 5 

PLrmoiely^"*'^"''^'^ ""^^''^ °* HSA-PLL conjugate by carbamylation of the amine group of the 

tr«t ^^""fT °^ ^^"""'^ ^ ^'^'^^P* P^"^ °f the HSA-PLL conjugate was firet 

treated in the following maner. 

(PRS)°nH T' JS!nivoH'^''^i|-f «=°"t?'"!"9 1 -5 conjugate per ml in phosphate buffered saline 
l^Bb) pH 7 was mixed with 1 6 mg potassium cyanate and then incubated at 25''C for 24 hours After 
this, the solution was dialyzed extensively against PBS. More than 90% of the total protein and of the 
'«l radioactivity was recovered after dialysis. This procedure is known to carbamylate all a- and . 

"MnHV.?.- °t o^. -"^ ^^y^ J? P°^''*'^« ^l^a^Se °f PLL at neutral pH. See StaTk, G R. 

Modification of Proteins with Cyanate," Methods EnzymoL. 25B. 579 (1972) 

Using the procedure of Example 3, the cellular uptake of i^sj.HSA i«|.hsA-PLL and 

carbamylated '"I-HSA-PLL were measured at equal concentrations (50 ^g/mO.' The results wereT 

Uptake In 60 min. 
(yug/mg cell protein) 


^^^I-HSA-PLL 5.02 
^=^=I-HSA-PLL-CARB. 0.51 
"5|-flSA (control) o.44 


45 


SO 


HSA'bv'?f^rfnr!!;?'i"o ^^fZ "P?''^ '«i-HSA-PLL was increased compared to that of i«l- 
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fs u I . Exannpie 6 

enttaTacdvrty '° °' unconjugated HRP and measurement of HRP 

obtain^d^^dP^rrihl ^''''^P* tf^at HRP and fractions of HRP-PLL 

Obtained as descnbed in Example 2 were employed instead of '«|_hsa and "si-hsa-pll ZZ rmJi 

h°J:TT°!: r^T!- ''^''^^'^^ exposure' to HRP and HRP-PLL and after eienstve washino^ 
en vmalcttir^^^^^^ ^'^'"^ V '''' '''' '^'^'^ fS theTea^u eZ of 

dS^ment Ssu ed a^^ 'i^^ n^'fL^'^'^'T^^ "'""'^'"'"f rate of color 

thTJn^vmrtl ^^^^^^^^^^^^ '^A'o 3S a" indication of enzymatic activity, and 

the enzymatK: activity measured in the cell extract was used as an expression of cellular uptake The 
cellular up ake of nzyme following exposure of cells to single fraction of HRP-PLL (sinXfractlons are 
descnbed in Example 2 above) is shown in FIG. 1, as the dashed-dotted line The cdMaruSake S 
S aV?oZs' °' '° °' "'^f'-PLL fraction (descHbed n Examp 2 
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Cell-associated peroxidase 
activity (AA,eo ^Jmin mg 

Enzyme concentration P'"*''"' 
in medium Wml) hrP HRP-PLL 


10 


1500 1.55 
150 0.14 


15 
1.5 


15 


— 7.33 

— 0.30 

(No measureable endogeneous 
activity) 


As can be seen from these data, extracts of cells exposed to 1 5 «g/ml HRP-PLL had 4 73-times 

TZrTT '""'"'T °^ "t' '^^^''"^ '° ' higher, anHs.l times morfac ivrty than 

20 extracts of cells exposed to a 10 times higher concentration of unconjugated HRP. If corrected for 

df^r h,?ff r""?^'-?,'^ concentrations, the cellular uptake of the 2 forms of peroxidase would thus 
differ by a factor of 473 and 43 1 , respectively. When cells were exposed to 1 .5 Jg/ml HRP-PLL cellular 
uptake was 2.1 times higher than in cells exposed to a 100-fold higher concentSn and S gft m^^^^^ 
that of cells exposed to a 1000-fold higher concentration of native HRP. Corrected for exposu re at 
2T1?oThrp 'r^' " »° ^ 2 1 0- and 1 94-fold difference in cellular uptake beSe;; the 

1 ? TLV iVpr m^^'^ a discrepancy between the overall enhancement obtained when using 1 5 and 
i .b ^g/ml HRP-PLL as a basis of companson. There are at least two possible explanations for this 
discrepancy i.e preferential losses of HRP-PLL during the measurement procedure and preferential 
30 viSfpu ™ T riS'"^^- Both would influence the measurements at low concentS o 
30 HRP-PLL more significantly. Thus, the factors of 473 and 431 appear more reliable as an index of 

l?nr thP p"n;J' r^fo'J'^' ^'^^^^ ^^'"^^ ^™ "^''^^ °" measurements of enzyrSatic aSvil? 

rl^uil ,lf"^^^f conjugated form, the index of enhancement for he 

cellular uptake of enzyme protein thus becomes 2.5 x 473, i.e., 1 1 82-fold. The possibility must be 
35 ?rTnS SitSfth o[HRP-PLL might first attack the PLL moiety ofT co Tugate and 
oX mS rtSon^.' '° ''"^'^^ °^ "^^^ have 

Example 7 

cellular uptake of HRP-PLL conjugate compared to unconjugated HRP:cytochemical study 

a true cBlluCfr'^?/!J»£^n/IlRp"'^^i"r^'"^"?^ °^ enzymatic activity reported in Example 6 express 
a true cellular uptake of HRP and its conjugate, monolayers of L929 fibroblast were processed for 
cytochemical staining and cellular localization of the HRP reaction product. P^cessea tor 

A. Cytochemical localization of HRP reaction product as observed by light microscopy 

"^o^o'^y?^ of L929 fibroblasts were incubated for various periods of time in serum-free Eaqle's 
medoim containing HRP and HRP-PLL conjugate in concentrations ranging from 1.5 to 1 50 «g/ml The 
mcubation procedure was at described in Example 3, except that cells were grown to non^?Suent 
mnri£?cf°?, 9'^^%^°^^'-«"P« "^^de to fit the tissue culture tubes. The vSashing procedure was 
50 Af,' r fft^^ «'<POsure to HRP, the monolayers were rinsed twice with basal salt solution 

no^fittS / ^'f "^^'^'^'"9 the coverslips bearing the monolayers to clean tissue culture tubes, they were 

20 mfnute °at ^'S'oc S'2'?r^ T l^'^^r.'l^^- "0"?^^"' ""^^^ ^ ""^'^ ''"^'^ ^'^h BSS and Kfor 
niinutes at 25 C with 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4 After 5 rinses with 

SSt rs-buffer oh' f "^^-.^^^'"^V^V ° "^'"""^^^ "'^^ o'.5 mg/ml dia'minot^SSInVsZlorS 
55 buffer InH fiTnJ^ , ' .oo"taining a final concentration of 0.01% H,0,. After 4 more rinses in tris- 
55 buffer, and a .f'fth rinse in cacodylate buffer, the monolayers werl ?lxed for 60 min. at room 

S!T'" T^r^^ ^'°*J" ^ cacodylate buffer. After 4 further rinses in cacodylatL ihe mono- 
layers were dehydrated and mounted on glass slides. 

•HRP rSorDmruS'in°?H'''''''°'J' Photomicrographs ther from, revealed minimal staining of 

eo trast moX'Lra exi^.d t.'^°^ °= T^t^'V°' ^° '° ^ ^S^'"' conventional HRP. In con- 
Sinn ^fnoli^^ ^° ^' f "'^ 1 5 ^g/ml of HRP-PLL showed a marked and dose-related 
1 m tiL! i=? ^ ?° -"9/"^' ^^^-^^^ 9«ve markedly stronger staining than eSure to a 

mP wTfc;n^^';,u°"""*'''.*'.?2 °^ unmodified HRP, and since the enzymatic actiVily of the mo5i Sd 
uTakTmorthln^'oO^^^^^^^ ' ' ^^at the conjugatL of HRP to%LL InL'nced'fts 
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B. Cytochemical localization of HRP-reaction product as observed by Electron MicroscoDv 

Monolayers of L929 fibroblasts were processed as described under Example 7A exceot that th 
n±^rH''''r^'°''[^ on glass cove^lips coated with a carbonfilm. The monolayers we?eKessed 
as described in Example 7A until the completion of osmium fixation and the four subsequen? rinses 
' ln7 r !? "T""^ °:r''^^' ""'"^ ^ Uranylacetate, rinsed with distilled TaS dehyrated 
n Jt nTi^^tr, ' K, ""t J^^ '"r""" ^'^^ "lonolayer detached from the glass and became 

nn Jl • "^'oc-P'" sections cut parallel to the plane of growth were observed in a Philips 300 
Electron microscope. Electron microscopic pictures of cells exposed to HRP-PLL revea ed horse-radish 
peroxidase reaction product in the form of abundant dark, densely stained ooadt^s locaS wJhS 
endocytotic vesicles, throughout the cytoplasm. Including the paraSar area??n c^^^^^^ 
exposed to a lOO-times greater concentration of conventional HRP. showed rS n mal SrSnts of 
stained reac ion product. This finding proves that HRP-PLL conjugate a^presem^thin the celte 
Itriy^'^Xz^^^^^^^ °^ inc^ea'ses its^'ceifut 

h=o emphasized that this demonstration of the intracellular localization of the enzvme is 

based on Its enzymatic activity inside the cell. Therefore, this demonstrates the possSr of 

aSr^'ir''''"'' °' '""'"'^""^ '"^"'^^""'^^ of rbiolog^ali; 

^° _ „ , , Example 8 

conjugatr ' °^ ^^^'^^^ ^^"^'^'^ °^ enhancement following trypsin treatment of the 

Dart ohLV^RP 'm^L^liil^^^^^^^ °V ? '"i^"^ -^"'T'" «'^°«Pt P'^' experiment, 
part Of the HRP-PLL conjugate was treated with trypsin. PLL is very sensitive to tryptic diaestion and it 

25 was expected that enzymatic degradation of the PLL moiety of the conjugate S decrease ite 

cellular uptake. A 9.3 ml aliquot of HRP-PLL containing 0.85 mg/ml was incubated for 5 minSes in a 

fsooSbn witl?r''r °^ The enzymatic reaction wasTpped bV 

^:fi. lo } Z serum free growth medium to reach a final concentration of 1.5 »q HRP/ml The 

nflnl T^^' °i tjYpsinized HRP-PLL was compared with that of the correspondin^LntiCpTiniled 
Preparation used at the same concentration (1.5 ^g/ml). Cells exposedl to the tnmsinized7oniu^^^^^^^ 
'Showed no sign whatever of iintracellular HRP reaction product when observed Tde thi liaht S 
scope. In contrast cells exposed to 1 .5 ^g/ml of HRP-PLL showed an amountTreaclion pro^^^^^^^ 

... Example 9 

oovalent bonding of poiy(vinylamine) to horseradish peroxidase 
^ =wor J P-jocedures and reactants of Example 2 were used except that poly{vinylamine) (PVA) of an 

w?re 'airr?dutdTo^ 20 m^tS^sT '"'hII"^^' °' °' HRp" PvZd Ed2 

were aiso reauced from 20 mg to 5 mg and the reaction volume from 0.8 ml to 0 4 ml 

h 2 J^l /^^''lZvK°^T'^- :!!'^t '^P^^'^ ^ Sephadex G-100 chromatographic column 

45 PRcsi pl.hT*' 't-'^^ed with phosphate-buffered-saline (PBS) and the column was eluted wTtE 
n , 1 °" "^^Z collected. IVIeasurement of HRP activity in each fraction revealed a sharp 

naL unScyd'W' The Vr^tV^^^^^ f '"^5 ^'hich corresponded to 

riduye unreaciea MHK. The first peak, eluting at void volume, corresponded to HRP-PVA and wa<! 

pooled. It showed slight turbidity indicating that the HRP-PVA conjugate is less solubiei^'psl than 
.0 Z mSdTLowry'eTaT °' P^'^^ HRP-PVA fraction was determined by 

n n , . ... Example 10 

obtained as described in Example 2. The cellular uptakes of HRP-PVA and HRP-PLL were measured^S 
mn„? fh'^Ki P°"ow!"g exposure to HRP, or one of its two conjugates the rnom ayTrs o^L^^^^^ 
2^°"^^^ S^'^.r"'^ ""^^^^"^ '"'^ ^^^^^'^^'^ the detached ce Is were wash^ed as deLribe^^^^ 
?rpT diJr^,VH'''%''''' '^"1 '^1'^ ''^f ^'^^ "measurement of enzymatic aSy of 

ZfvTZ'm^-pll^^^^^^^^ '''' activities following a 60-minute e^ure to H^,P. 
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Cell-Associat d Peroxidase Activity 
(A^gg n^/min/mg cell protein) after 
exposure to: 

Enzyme Concentration 

in medium (^g/ml) HRP HRP-PVA HRP-PLL 

15 0 10.5t«i 5.6 

1.5 0 2.5 (0.30P' 

(a) Some cell lysis was observed at this HRP-PVA concentration suggesting cellular toxicity. No such 
effect was seen at 1.5;xg/ml. 

(b) Result taken from the Table of Example 6 for comparison. 

As can be seen from these data, conjugation of HRP to PVA, MW 20,000, markedly increases the 
cellular uptake of enzymatically active HRP by L929 cell monolayers. This increase is greater than that 
obtained with comparable amounts of HRP-PLL, especially at the lower concentration. This example 
demonstrates that conjugation of an enzyme to a cationic polymer other than a peptidic polymer can b 
at least as effective in enhancing the cellular uptake of active enzyme than conjugation to a cationic 
poiylamino acid). 

To ascertain that the measurement of enzymatic activity reported in this example express a true 
cellular uptake of HRP-PVA, monolayers of L929 cells, exposed to HRP and HRP-PVA as described 
above, were processed for cytochemical staining and for cellular localization of the HRP reaction 
product as described in Example 7A. Light microscopic obsen/ations and photomicrographs therefrom 
confirmed that the differences in the enzymatic activity reported here express a true cellular uptake of 
HRP-PVA. 

Example 1 1 

Covalent bonding of a cationic tetrapeptide (tuftsin) to human serum albumin (HSA) 

Tuftsin is a cationic tetrapeptide known to stimulate phagocytosis in leucocytes by interacting 
with a specific membrane receptor. See Najjar, V. A. and Nishoka, K., Nature, 228, 672 — 673 (1970); 
and Tzehoval, E. et al., Proc. Nat Acad, ScL U.SA., 75, 3400—3404 (1978). 

The procedure and reactants of Example 1 were used except that tuftsin was substituted for PLL, 
and that the weights of reactants and the reaction volume were modified as follows: 6 mg ^"(.hsA and 
5 mg tuftsin were dissolved in 0.3 ml PBS to which 10 mg EDC was added. This solution was mixed 
and kept in the dark at room temperature for 1 6 hours, after which the reaction was stopped by dilution 
with PBS to 1 .0 ml. This solution was dialyzed at 4°C in 1 L PBS for 48 hours (one change of PBS at 24 
hours) and recovered. There was total recovery of soluble radioactivity. 

Example 12 

Cellular uptake of HSA-tuftsin conjugate compared to that of unmodified HSA 

The procedure of Example 3 was generally followed except that the dialyzed solution of ^^sj-HSA- 
tuftsin obtained as described in Example 1 1 was substituted for ^^si-hsA-PLL. The concentration of 
i2S|-HSA in free and conjugated form was 50^g/ml of incubation medium throughout. Cell-bound 
activity was measured after 1 and 60 minutes of incubation and the difference (60-1 min was 
considered to represent net uptake. The results were: 

Uptake (CPM/mg cell protein) 

Enhancement 
(multiple of 

1 min. 60 min. 60 — 1 control 


'^'I-HSA 164.9 391.6 226.7 1 

i2Si,HSA-Tuftsin 883.2 2126.8 1243.6 5.5x 
^"l-Tuftsin and 

50 ^g/ml Tuftsin 646.4 1657.2 1010,8 4.6x 

As can be seen from these data, an approximate 5-fold enhancement of cellular net uptake was 
achieved by conjugating ^^sj.nSA to tuftsin. The addition of 50/ig/ml of tuftsin to the SOwg/ml of i25|. 
HSA-Tuftsin conjugate decreased the net uptake of conjugate by approximately 20%, indicating 
moderate competition of the two compounds for membrane binding and uptake. These results indicate 
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competition between tuftsin and HSA-Tuftsin suaaests £at ?h. '"^'"•'r="«; The vidence of 

^ the tuftsin-moiety of the conjugate to tuSS reL'pt?s^^^^^^^^^^ ''''''' '° ^'"^'"9 °f 

, . . „ , Example 13 

Covalent bondmg (conjugation) of poly-L-lysine (PLL) to methotrexate (MTX) and to H-methotrexate 

,0 (H-M^dTursaTSolc^^^^^^ ^t- Louis, Mo., and 3H-methotrexate 

Illinois. Poly-L-Lysine PLL) hydrabromWe. TwW 70 onn wat cZ-^T/^'"l^°- ^^""9^°" "«'9*^^S' 
town. iVIa. The carbodiimide reagent 1 etK-(3ldim;thvl^m?n "^'^ ^^'^T'^?! Chemicais, Water- 
from Sigma Chemical Co., St. Louis Mo '^-^'methylammopropyDcarbodiimide was obtained 

re contafniSg 1 0 m?p"[u mTto^^^^^^^^ oTml H 0 A^iir^^^^^^^ ^''^'^ '° ^ ^est tube 

was added and the mixture was incubated fo 2^ou^?/t?^ r ^ •r''''"^'.^^ "^9 carbodiimide reagent 
was then separated from thHrerSS and othl^ occasional shaking. The conjugate 

MT2( contenf of the various fSionrwas a^^^^^^ gel filtration-^The 


MTX content of the various f actions was assave^^^^^^ Sephadex G-50 gel filtration. The 

NaOH. See Seeger, D. R. Cosulich D B Sm^th . f u'? absorption at 257 nm in 0.1 N 

1 753-1 758 (1 949). T^e Sugate came out' of 1 ^'h'' Hultquist M. E., J. Amer. Chem. Soc, 71, 
symmetrical peak clearly seSed froSTmfnfrn»In !^^°^^ ^'^^ vo'"'"^ as a sharp 

used in the conjugatiorrSSn wTs rec^^^^^^ 
fraction had a MTX cc^nJem of 8% ^n a Sht hl " form. The conjugates of the pooled 

PLL molecule. ^^'^^^ ''^"^ corresponding to approximately 1 3 molecules per 

" added';r.l^^^c^nSntg^s^^^^^^^^^ (20 mg/ml, pH 7) was 

was adjusted to pH 7 with 1 N HCI and wac tTnt flUoX ' ,9 P^"" "'o"- ^^^e final solution 
mol). The conjugation employed 0 05 ml of the '5 M^^fs^Sftio J!^'^ ^OlUTm (62.5 mCi/m 
5 mg PLL, MW 70,000, in 0.2 ml H,0 Ten Sara^J^^F . th'^^^ '^j^^^ ^° ' ^"''^ containing 

30 reaction mixture was incubated a? 25°C riKcwJ^Jnal s^^^^^^^^^ 

passed through Sephadex G-50 column foT?unficatri tsSe ""^"^^ 

Cellular uptake of H'-MTX and H'-MTX-PLL^^oSatl"^ 

which the resistant cerh°ad S dS^^ 

Massachusetts Institute of TechncSogy ?Sridge Ma ' ""'"'""'^ ^^"^ Baker. 

.0 25 cm^ (CorS Gbss Wots, Com.^rN mfFaoli'^ m[""^ ^'^^^^ '^'^'^ ^ -^-^ °f 

with pyruvate, vitamins and nonessential am^no^L th """" supplemented 
The growth medium contained 0°/ fot",? S ^"""^"."^ contained in alpha medium. 

(50^g/ml).'cultures wrstTS w?th 5^ I'o'^ '^^^Z'"'* streptomycin 

.5 370c in rmTlSSSr^^^^^^ '-^d'-- and incubated at 

1 X 10-/1.. The specific actMt2sTb«t"?H MTran^^^^^^ a Mtk concentration of 

radioactive medium was removed at various tim«/nH tho ^ . ^^^^ ^^'^ P®^ The 
Earle's balanced salt solutio7cSs w^re ?hen Sf«rh=^ 5 "'^°^^Vt "'^^^^^ t^'^^^ with 5 ml 
cell suspension was centrifuged atTow SDe^d nnH ^hf T '^^.f ^'^''^ ''^ ^"^^ «'^P°s"^e to trypsin. The 

60 balanced salt solution. The final Del l^was S^ol? • ""f n^l'f ""^^ ^^''^^ "^^^^ ^'ith 5 ml 

each cell extract was de erm ned bv he meth^. h nf 1 ^ ^^^^ ^^^^ P^°te'"" content of 

L and Randall, R. i rS chem fsTl^^ 

extract was mixed with 5 ml AaSsoHNew F^=!5 m f t °f ^he remaining cell 

scintillation counter. ^ ' ^ ^"^land Nuclear. Boston. Ma.) and counted in a liquid 

" and tran%ort^deTci?nt celS^^^unctl^' of ttrS?' by the transport-proficient 
free drug, and the uoZ xZ tu^^ 

conjugated drug is taken up rch m^re H^-MTX-PLL conjugates. The 

H'-MTX by the transport-deTicfent cellsTs n^^frJ^w ^''^^ uptake of free 

so detectable in transportVoSnt cells When c^^^^^^^^^^ ^ ^'^^'^ °f "^'S- 2. but is 
trexate, these measuremente a?e in nArJ^ I ''•^u' ^°'^Pa'-able specific radioactivity of metho- 

W. F., Davidson S rand SmKtch L ^ZTrr Tr ''Pr^^ by Flintoff et al. See Flintoff, 
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transport-proficient cells, the accumulation of conjugated methotrexate is more than 20-fold greater 
than that of a free drug at 15 and 30 minutes, and more than 40-fold greater at 60 minutes In 
transport-deficient cells, accumulation of conjugated drug is more than 200 times that of th free drug. 

^ Example 15 

Growth inhibitory effects and MTX and MTX-PLL conjugate on CHO WIT, CHO PRQ-^ MTXR'' 5—3 and 
CHO PRO-^ IVITXR" 4—5 cells 

The MTX transport-proficient and transport-deficient cell lines were grown for 24 hours. At that 
time either IVITX or MTX-PLL were added to each flask to give final MTX concentrations ranging from 

10 1 X 10-9 to 1 X 10 5 M. ;^ftgp 2 days of exposure, the monolayers were refed with fresh medium 
containmg the same drug concentrations. After 2 more days the monolayers were rinsed with balanced 
salt solution, detached by brief trypsinization (0.25% solution from Grand Island Biological Co.) and 
the suspended ceils were counted in triplicate samples with a Coulter Counter. The cell count of random 
samples were verified using a hemocytometer. The results of these experiments are given in Table 1 

15 and FIG. 3. 


TABLE 1 


20 


25 


30 


35 


40 


MTXi 

Concentration Additions or 
Exp. in growth medium Modifications 


B 


0 
10-7 
10-7 

10-6 

10-s 


10-7 
10-7 


Number of cells x 1 0-« after 4 days in presence of 


Free PLL 
0.5//g/ml 


Free PLL 
5.0//g/ml 


Exposure to 
trypsinized 
conjugate 


No drug 


4.06 


5.95 


MTX 


3.51 
4.60 

1.03 
1.63 


4.60 


MTX-PLL2 


0.16 


0.11 


0.70 
4.603 


1 Either in free or in conjugated form. 

3 Srn"1^3h 'wf °l "'"'^ ^'P'- ^ '"'^ ^f^^y P^^Pa^ed in similar fashion. 

3 Conjugate was bnefly trypsinized before use. 


As shown m Table 1 , two different preparations of MTX-PLL used in different experiments were 

so considerably more effective than the free drug in inhibiting the growth of IVITX resistant cells. Free PLL 
at concentrations chosen to match the amounts present in the conjugates was added to media 
containing either 1 0"* or 1 0"^ M MTX and did not increase the effect of free MTX. This indicates that 
covalent linkage of the drug to PLL is necessary to increase its potency towards transport deficient 
ceils. An aliquot of MTX-PLL was trypsinized in vitro prior to its use in order to hydrolyze the polymeric 

S5 earner component. It was then compared to the intact conjugate for its growth inhibitor/ effect on 
transport deficient cells. As can be seen from the last two lines of Table .1, the trypsinized conjugate 
behaved like free MTX and had little or no inhibitory activity at a concentration of 10-^ M 

The inhibitory effect of MTX on transport-proficient and transport-deficient cells is compared in 
the dose-response diagram of FIG. 3. Approximately 1 00 times higher concentrations of free MTX were 

60 needed to cause comparable inhibitions in the transport-deficient line as indicated by the horizontal 
?k mV^®^". corresponding curves. However, when transport-deficient cells were exposed to 

tne MTX-PLL conjugate, their dose-response cun/e was shifted to the left (solid curve) and became 
indistinguishable from that of free MTX-acting on drug sensitive cells (broken curve). This suggests that 
the drug conjugate can overcome the transport deficiency Inh rent to the mutant line. Free and 

55 conjugated drug had approximately Identical effects on the drug-sensitive line. 
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MTYm, f'^^n'^ MTX-resfstant transport-deficient mutant of CHO, described by Flintoff as CHO PRO"* 
MTXR" 4—5, was tested in similar fashion. The level of resistance of both mutant lines to MTX was 
found to be of comparable magnitude and the resistance was overcome of MTX-PLL in comparable 

5 

Example 16 

Cellular uptake of ^H-IVITX and its PLL or PDL conjugate by CHO PRQ-^ MTX"" 5—3 cells 

This uptake experiment was done on the CHO PRQ-^ MTX™' 5—3 cell line by the same procedure 
as described in Example 1 4, except that ^H-MTX-PDL was also tested. 

en nort"'^Z^"''9.'- ^1^ prepared as described In Example 13 from poIy-D-lysine hydrobromide MW 
60,000. The cells, after trypsinization, were washed once with 5 ml heparin solution {5 mq/ml) to 
eliminate any surface-bound polylysine since poly-D-lysine is not susceptible to tr/psin digestion (See 
Exarnples 34 and 36). The cells were then washed extensively with BSS and were dissolved in 1 N 
NaOH. The results of the cellular uptake of ^H-MTX. ^H-MTX-PLL and ^H-MTX-POL after 1 and 60 min 
rs exposures were as follows: 

Cellular Uptake ('P^/mg cell protein) 


20 


1 min 

60 min 

60 min — 1 min 

3H-MTX 

279 

312 

33 


3H-MTX-PLL 

600 

6689 

6089 

25 

^H-MTX-PDL 

1106 

7515 

6409 


I^ufr°Sakr ^^^'^ "° significant difference between MTX-PLL and MTX-PDL with regard to their 

30 

- . Example 17 

Mt5«" '5— 3°LTlines'^^ inhibitory effects of MTX-PLL and MTX-PDL on CHO WTTand CHO PRO-^ 
« A Z^l transport proficient and deficient cell lines were treated with MTX or Its conluoatea a<5 

M^ t^%^"7^' ^ r^^'T''"' °^ ^^"9^ 1 X 1 0- M of either free or conjugated 
MTX. MTX-PDL was prepared from poly-D-lysine hydrobromide with a molecular weight of 60 000 and 


40 


Nunfber of Cells x lO-a After 4 Days in 
Cs" '-ine Presence of: 


45 No Drug MTX MT X-PLL MTX-PDL 

WTT -00 CTjg— ?:5g— 

Pro"^ 4.87 1.43 0.20 4.12 


rnn. Jnt'rL- ^^'^ 1 X 1 0'^ M of MTX-PDL has no significant effect on either cell line. At this 
dmZnZ Z- """Z^"' ^"^a ^'^A.^ 9™wth of the resistant cells. Since there is no 

?n l.^mnip 1 r'"^^*" • ""'"^^ °^ '^^f'-'- ^""^ M^-POl by CHO PRO-3 MTX"" 5-3 Cells, as shown 
m Example 16, and since the outstanding difference between these two conjugates Is that the PLL 

SB th^Ttf f l^f^fP"^^ to proteolytic digestion while the PDL-conjugate is not Jt can be concluded 
55 that the lack of biological effect of the MTX-PDL conjugate is due to the lack of intracellular Sstion 
and of intracellular release of MTX or pharmacologically active MTX-derivatives digestion 

Example 18 

Inhibition of dihydrofolate reductase in vitro by MTX and MTX-PLL 
60 The effect of MTX and MTX-PLL on dihydrofolate reductase was measured in the assay described 
in Stanley, B. G^ Neal G. E. and Williams, D. C, Methods in Enzymohgy, eds. Colowick, S. P. and 
Kaplan, N. 0. (1971) (Academic Press. New York) Vol. 18 pp 771—779. Dihydrofolate reductase as 
well as the chemicals required for its assay were purchased from Sigma Chemical Co.. St. Louis, Mo. 

« inhihiti? f ^"^ see" ^fierein that the conjugate did not show any 

55 inhibition of dihydrofolate reductase in vitro at MTX concentrations of lO"* and 10"' M, while under the 
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fn^T^f conditions the MTX showed that 75% inhibition at ^0'^ M and about 95% inhibition at 
10 ' M. Pnor treatment of the conjugate with 0.25 mg/ml trypsin or pronas partiaily restored the 
inhibitory effect on dihydrofolat reductase in vitro. 

Since the MTX-PLL conjugate has a strong inhibitory eff ct of growing CHO cells as shown in 
Examples 15 and 17 above, it must be concluded that a restoration of inhibitory activity comparable to 
that shown in this example is occurring inside the cells under the action of intracellular proteolytic 
enzymes. ' 

It can also be predicted that in vitro treatment of MTX-PDL with trypsin or pronase will not restore 
its inhibitory effect dihydrofolate reductase in vitro. 


Example 19 

Detection of intracellular degradation products of ^H-MTX-PLL and* ^H-IVITX-PDL in cultured cells 
exposed to conjugates. 

Methotrexate-resistant cells, PRQ-^ MTX""' 5—3, were grown in a 75 cm^ flask and approxi- 
mately one day before reaching confluence, were exposed for 24 hours at 37®C to 1 x 10~® M 
of 3H-MTX-PLL and ^H-MTX-PDL. The labeled growth medium was then removed and the cell mono- 
layers were washed twice with 1 5 ml buffered salt solution (BSS). The cells were detached from the 
flask by brief trypsinization and washed three times by low speed centrifugation in 5 ml BSS. The last 
cell pellet was dissolved in 1 ml of 1% sodium dodecysulfate (SDS) in 0.01 /W phosphate buffer, pH 7. A 
small amount (0.2 — 0.3 mg) of unlabeled MTX was added to each pellet before cell lysis as a carrier for 
traces of ^H-MTX in the cell extract The cell extract was then loaded onto a Sephades G-25 column 
(1.5 x24cm) which had been equilibrated with SDS-phosphate-buffer and the column was eluted 
with the same buffer. Each 2-ml fraction was collected from the effluent of the column and 0.5 ml 
aliquots from each fraction were mixed with 5 ml Aquasol and counted in a liquid scintillation counter. 
The unlabeled MTX added to the cell extract as carrier was identified by measuring the absorbance'of 
each fraction at 257 nm. 

FIG. 5 shows typical elution profiles of the extracts of monolayers exposed to ^H-MTX-PLL (upper 
panel) and ^H-MTX-PDL (lower panel). The arrows correspond to the total volume of the column. The 
solid curves show the radioactivity In each fraction, and the dotted curves indicate the unlabeled MTX 
added to the ceil extract as carrier and internal marker. The cell extract from MTX-PLL treated cells 
shows a peak of radioactivity close to but not coincident with MTX. This peak, which represents about 
25% of the total radioactivity in the cell extract is believed to be a digestion product of MTX-PLL. No 
such peak is detected in the extract of cells exposed to MTX-PDL. The lack of such digestion product is 
consistent with the fact that PDL is not susceptible to hydrolysis by intracellular proteases. Th 
conclusion that the small molecular peak of radioactivity represents an intracellular degradation 
product of 3H-MTX-PLL is further supported by experiments in which the ^H-MTX-PLL conjugate was 
digested in vitro. When the conjugate was exposed sequentially for 20 min, at 37°C to 0.25 mg/ml 
trypsin and protease and when the digest was loaded onto a Sephadex G-25 column comparable to the 
one used in this example, the elution pattern showed a peak of relative magnitude and of relative 
position comparable to the peak seen in the upper panel of Figure 5. 

These data indicate that neither intracellular nor in vitro digestion releases free MTX but released 
instead a small molecular adduct MTX. It is postulated that this digestion product is pharmacologically 
active and is responsible for the biological effect of the MTX-conjugate. While the identification of this 
product is not yet completed, it is assumed that it represents lysyl- or dilysyl-MTX. 

Example 20 

Cellular uptake of ^H-MTX-PLL in the presence of an excess of unlabeled PLL 

This uptake experiment was done using CHO PRQ-^ MTX"" 5 — 3 cells, following the same 
procedure as described in Example 14, except that the MTX concentration of ^H-MTX-PLL was 
1 X 10 and that cells were grown in larger culture flasks (75 cm^) in order to obtain higher total 
radioactives per monolayers. At a MTX concentration of 1 x 1 0"' M, the conjugate contained 0.5 Wml 
of PLL of molecular weight of 70,000, The incubation was carried out in the presence and absence of 
5yug/ml of free unlabeled PLL of the same molecular weight The cellular uptake of labeled conjugate, 
expressed as CPM/mg cell protein, was as follows: 
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PLL Concentration Cellular Uptake of ^H-MTX-PLL 

''"9''"" (CPM/mg cell protein) 

Added in 

^ 'n Unlabeled 

Conjugate Form 1 min 60 min 60 min— 1 min 

° 58 701 643(100) 

0-5 5 ^g/ml 54 573 519 ( 80) 

As revealed by these data, the addition of a 10-fold excess of unlabeled PLL to the medium 
decreases by 20% the cellular uptake of ^H-MTX-PLL This result suggests that an excess of PLL can 
's compete with ^H-MTX-PLL for uptake, but only moderately so. 

Example 21 

Growth inhibitory effect of MTX-PLL in the presence of an excess of PLL and PDL 

This experiment was done with CHO PRQ-^ MTX"" 5-3 cells and the procedure of Example 1 5 
20 was followed except that MTX was used only as conjugate, at only one concentration (1 x 1 0"^ M and 
inn!M"=i^^%']? concentrations of unconjugated PLL and PDL were added together with the MTX-PLL 
conjugate The PLL content corresponding to a 1 x 10"^ M MTX concentration of MTX-PLL is 
u.o ^g/mi. The number of cells per culture flask after a 4 day exposure to 1 x 10"^ M MTX-PLL was 
expressed as percent of control cells grown in absence of MTX-PLL. The results were' 


55 



MTX-PLL 

(1 X 10-7M) 

Addition 
(jug/ml) 

Number of Cells 
{% of control) 

30 



100 


+ 

PLLO 

19 


+ 

0.5 

16 

35 

+ 

1.0 

52 


+ 

2.0 

116 

40 

+ 

3.0 

118 


4- 

4.0 

117 


+ 

PDL 0 

20 

45 

+ 

0.5 

25 



1.0 

79 

50 

+ 

2.0 

112 



3.0 

115 



4.0 

114 
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cellular TydSases and Th^ir J ' ^ " ' ^'^ ''^'^^"^^ susceptible to 

p!^;^!'^^ ^tSr^^To!^ t«-S%^Dt?s I^SfeSrarP^L^^ 

SSeTy wIth'TTj; °' T-^'-'- 20 ptrcompetes only 

S^^Se effect of plf^^^^^^ /""^^ ^« concluded therefore that the marked 

protective effect of PLL result from a competition with MTX-PLL at a level other than cellular transport. 
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At the highest concentration of PLL and PDL, the number of ceils per culture flask exceeds that of the 

to°r 'sircuiL';: sr *° *° '^^^ '''' ^'^^ '"^^^^^^^ ^''^''^^ °^ ^---^ 

* A *x ^ , Example 23. 

Antitumor effect of MTX-PLL injected Intravenously 

The P 1798 S/ tumor, a cortisol-sensltive and methotrexate-resistant Ivmohosarcoma was 
passaged subcutaneously In BALB/c male mice weighing between 20 and 25 g. Cell suspenS were 
made by teasing minced pieces of tumor through a stainless steel screen, and 1x10^ cells were 
'0 injected subcutaneously in the left scapular region. , omu i x cens were 

averaL^ wil'l!' Jri' ' P^'P?'''^ ^^""^ w'**^'" ^-8 days and killed the animal on the 
average within 14 days. Following inoculation, mice were divided into 4 groups or 4 or 5 mice One 

week or more after inoculation these groups were subjected to different treatments consisting of on 

'5 ?r^Sw??nnl 1 « /"T- °V^J ^'■°"P 1 buffered saline; Group 2, 

J MT^ non . . ^'^T ' • buffered saline; Group 3, MTX, 0.125 mg/ml In buffered saline; Group 
4, MTX-PLL conjugate containing 0.125 mg/mi MTX and 1.56 mg/ml PLL (MW 2,700) in buffered 

SSI in6< 

In the first experiment, treatment was initiated on Day 12 after inoculation and consisted of a 
20 2e2an"on 'sth^Ll"' 3, consecutive days. In the second experiment, the sarSe SJment 
ef^l" J? 1 8th day after inoculation and was given for 4 consecutive days. All animals were 

wpi 'S'^ th""^ subcutaneous tumors were carefull^ excised in toto Z 

weighed. The results were: 
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Experiment No, 1 

Experiment No. 2 


Group 

Mean Tumor 
Weight (g) 

%of 
Controls 

Mean Tumor 
Weight (g) 

%of 
Controls 

30 

1 

4.40 ± 0.34»{4)*> 

100 

4.94+0.13 (5) 

100 


2 

4.56 ± 0.45 (4) 

103 

5.07 + 0.08 (4) 

103 


3 

4.53 ±0.28 (5) 

102 

4.80 ±0.50 (5) 

97 

35 

4 

3.17 ±0.32 (5)*= 

7]^ 

2.47 ± 1.54 '(5)^ 

50** 


a Mean + SEM 

b Number of animals 

c P 0.005 when compared to any other group 
40 d P 0.001 when compared to any other group (includes 1 mouse that exhibited complete regression). 

As can be seen from these data, the average tumor weight of animals receiving free MTX or PLL 
Snnfti J° s^Vow any reduction in either experiment. By contrast, the animals receiving MTX-PLL 
4S Z ThV«°''!f ^f.^"'=^'°"s to 71 % and 50% of the control weight in experiments 1 and 2, respec- 
tively. These reductions are statistically highly significant, when compared either to one of the 
t°h»f in th?""^" ^'^^^^^ "^^'"9^* reduction seen in the second experiment is consistent with the fact 
San Tn experrrSem^r^""'^"^' "'^^ ''^S"" ^^^^ sooner and continued for one more day 

so I, comparable experiments were carried out with a variant of the P 1 798 lymphosarcoma 

50 known to be steroid-resistant and presumed to be MTX-sensitive lympnosarcoma 

^>^^, nTn?nrw ^ °^ one daily intravenous injection for 4 consecutive days, and was begun on 

f^ed one iv airTa r?"'?*'?-" !?Pe""'ent number 1 and 2 respectively. All animals were sacri- 
Ticea one aay arter the last injection. The results were: 
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Experiment No. 1 Experiment No. 2 


5 

GrouD 

Mean Tumor 

Weinht in) 

%of 
Vjponirois 

Mean Tumor 

vvefght (g) 

%of 
Controls 


1 

5.25 + 0.42M3)*' 

100 

5.99 + 0.26 (4) 

100 


2 

6.05 ±0.52 (4) 

113 

6,13 + 0.31 (4) 

102 

10 

3 

4.58 + 0.31 (4) 

85 

6.29+0.40 (5) 

88 


4 

4.68 + 0.26 (4) 

87 

5.26 + 0.11 (5) 

88 


a Mean + SEM 

b Number of animals 


2a 
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Example 24 


bumval experiments using lymphosarcoma-beanng mice treated with MTX anH mty di i • * 
Four groups of 8 BALB/c mice were inoculated subLtaneous7y t^^^ 

saline (Sp 1) o^PLUiSl tSq! 1 4S r!„/^r^'^^'l''°"i™'f. '"^ '^""^^^"^ ^'^ eitlier buffered 
n9R m3Jiv \ li^WZJOO), 1 .56 mg/ml in buffered saline. Group 3 received 1 mc/ko free MTy 

the group receiving tKl^iSSll S^^^^^^^^ ' " '"'^"'"'"^ ^''^ ^"'^ ^ ^ days in 

the prt4°u7i;:mpir??eS oTthis'eltimln^'? MTX-sensitive variant of P 1 798 described in 
I^TdK K9r ~ 

that free and conjuSSS have c^^^^ « ^""^ 9^°"P^- "^^^^^^ ^^^^^ ^^ow 

tumor. When measured f^m Z^rnrtiJI'iPr!? !^"^^^^^^ ^^e treatment of an MTX -sensitive 

groups and 1 4 days in the Txperimenta^arSunrS^^^ """^ ^ ^^^^ 

appears that the conjugated KJ^as a iom^^^^^^^^^ exper rnents are compared, it 

sensitive form of P 798 lymphosarcoma ''^'""^ either the resistant or the. 
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Example 25 


Uptake of 3H-MTK and 'H-MTX-PLL conjugate by P 1798 S/B lymphosarcoma in vivo 
sensitl^ SmT??T7"98 ^"LTdVS^^^^^^^^ mice be^^SSr 7^7^-^^^^^^^^ steroid- 
Mice were inociiated subcutaneous v w?h ? v MTX-sensitive variant of P 1 798 S/B. 
time when the turnor Sht wl^ato^^ 5 J ThW^TL '""^."'^.^ ^ ^ days after inoculation at a 
injection of 0.2 9;^ Rearing ariimais received, in the tail vein, one 
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CPM Per 5 X 10« Cells 


Tumor Type 

Exp. No. 

3H-MTX{A) 3H-MTX-PLL(B) 

B/A 

MTX-resistant 

1 

63 

6169 

98 


II 

94 

6032 

64.2 

MTX-sensitive 

1 

2099 

5921 

2.8 


II 

2240 

4480 

2.0 


These data demonstrate that intravenously injected ^H-MTX-PLL conjugate is readily taken up by 
15 both drug-resistant and drug-sensitive tumors in situ and that the uptake of conjugated drug far 
exceeds the uptake of free drug in both tumors. The average increase in uptake due to conjugation was 
81 -fold in the case of the drug-resistant tumor and 2.4-fold in the case of the drug-sensitive counter- 
part. The data show furthermore that, while the conjugated drug is taken up in comparable amounts by 
the resistant and sensitive tumor, the free dmg (s taken up to a much lesser extent by the resistant 
20 tumor. This difference, which is of the order of 30-fold, strongly suggests that drug resistance of 
P 1798 S/B is due to a deficient drug transport. These data are consistent with those of experiments 
measuring the cellular transport of the drug in cell suspensions derived from the P 1798 S/B tumors. 
(See Example 26). 

25 Example 26 

Uptake of ^H-MTX and ^h-MTX-PLL by cell suspensions of P 1798 S/B lymphosarcoma, in vitro 

A MTX-resistant tumor (P 1798 S/B lymphosarcoma) and a MTX-sensitive variant thereof were 
grown as subcutaneous tumors in BALB/c mice as described in Example 23. Tumors of an average 
weight of 5 g were excised, minced in RPMI 1640 tissue culture medium, and teased to yield cell 

30 suspensions. The disassociated cells were spun down to a loose pellet and resuspended in fresh 
medium to a cell concentration of 5 x 10^ cells per 3.0 ml of medium. Comparable suspensions 
prepared from both tumors received either 4 x 10^ CPM of ^H-MTX or 2.5 x 10^ CPM of 'H-Mp<-PLL 
conjugate. The ^H-MTX-PLL preparation was the same as that used in Example 25 (PLL MW 3,100). 
The molar concentrations of MTX in the incubation medium of the suspensions exposed to MTX and 

35 MTX-PLL were 8.8 x 10"« M and 7.3 x 10"® M respectively. The suspensions were incubated for 60 
minutes at 37*=*C in a COj-atmosphere, spun down and washed twice with label-free medium. Triplicat 
aliquots of 1 x 10^ cells were processed for radioactivity measurements in a liquid scintillation counter, 
and the average counts were corrected for the difference in the total activity added as free conjugated 
drug. The results of two such experiments were: 


Tumor Type 

Exp. No. 

CMP per 1 
3H-MTX (A) 

X 105 Cells 
3H-MTX-PLL(B) 

B/A 

MTX-resistant 

1 

277 

1 0,050 

36 


11 

178 

1 4,024 

79 

MTX-sensitive 

1 

2,094 

10,549 

5.0 


II 

3,154 

13,344 

4.2 


These results show that, when exposed to MTX concentrations of approximately 8 x 10"^ M, cells 
derived from the MTX-resistant tumor take up about 1 0-times less free drug than those derived from 

55 the corresponding drug sensitive tumor, while both cell types take up nearly identical amounts of 
conjugated drug. The data also show that the conjugated drug is taken up much more readily than the 
free drug by either cell type and that conjugation increases the cellular uptake of MTX by an average 
factor of 57-foId and 4.6-fold in the case of the drug-resistant and drug-sensitive tumor cells 
respectively. These results are consistent with th data of Example 25. A comparison of the data of 

60 Example 25 and 26 shows a difference in the relative uptake of free MTX by the cells derived from the 
MTX-sensitive and MTX-resistant tumor. This can be accounted for by the differences in concentration 
of MTX to which tumor cells were exposed in the in vivo and in vitro experiments. The average ratios of 
MTX-PL!7MTX taken up by cells of the resistant tumor are of the same order of magnitude (81 and 57) 
and are indeed very large in both examples. The data of these two examples are also consistent with 

65 the previous results obtained with two MTX-resistant and -sensitive lines of Chinese Hamster Ovary 
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cells (see Example 1 4). They establish that the MTX resistance of the P 1 798 S/B tumor is indeed due 
to a deficiency in the membrane transport of MTX. 

Example 27 

Uptake of ^H-MTX and ^H-MTX-PLL by a human lymphoblastold tumor line 

A human lymphoblastold tumor cell line proficient in MTX transport and a mutant line thereof 
deficient in MTX transport and hence drug resistant, were provided by Dr. John S. Erikson, from the 
Medical College of Pennsylvania. The cells were grown in RPM1 1640 medium containing 10% fetal 
calf serum. 

Uptake experiments were carried out using a microtest plate {Costar, 0.5 ml well volume). The 
wells contained 1 x 10« cells in 0.2 ml complete RPM1 1640 medium. Either free or conjugated ^H- 
MTX were added to a final MTX concentration of 1.1 x ^0'^ M and 1 x 10"^ /W respectively The 
number of counts/well were 4x lO^CPM and 2.5 xlO^ CPM for ^H-MTX and ^H-MTX-PLL 
respectively. The ^H-MTX-PLL preparation was the same as that used in Examples 25 and 26' 
Measurements were carried out in triplicate wells. The plates were incubated for 60 min. at 37*'C in a 
5% COj atmosphere. At the end of incubation, each well was harvested onto filter discs using a Sketron 
AS harvester. The discs were dried, placed in 2 ml Liquiflor and counted In a liquid scintillation counter 
The cell-bound ^H-MTX and ^H-MTX-PLL radioactivity of the triplicates was averaged and corrected for 
the difference in total radioactivity added as free or conjugated drug. The results were: 

CPM perl X 10^ Cells 
Tumor Type ^H-MTX (A) ^H-MTX-PLL (B) B/A 


MTX-resistant (mutant) 1,022 63,392 62 

MTX-sensitive (wild type) 22,6 1 0 73,400 3.2 

^/,-^v MTX-resistance of the human cell mutant is indeed due to a deficient 

MTX-transport and that the two human lymphoblastoid tumor lines used in this example behave 
essentially hke the two murine lymphosarcoma P 1 798 S/B used In Examples 25 and 26, and the two 
CHO-lines described m Example 14. 

Example 28 

inhibitory effect of MTX and MTX-PLL on DNA synthesis of a human lymphoblastoid tumor line 

These expenments used the same two tumor cell lines as described in Example 27. In these two- 
phase expenments, the cells were first exposed to different concentrations of MTX and MTX-PLL and 
after washing were reincubated in the presence of ^H-thymidine. ^H-thymidine incorporation was used 
as an index pf.DNA synthesis and cell proliferation. Exposure to MTX occurred in multiwell plates. Cells 
suspended in a complete RPM1 1640 medium at a density of 2.5 x 10^ ml (2 ml per well) were 
exposed to MTX concentrations of 1,1 0'^, 1x10"^ and 1 x 10-^/1^ given either as free or conjugated 
drug. The MTX-preparation was the same as that used in Examples 23 and 24 and had a PLL of 2 700 
molecular weight The multiwell plates were incubated for 24 hours at 37°C in a 5% CO, atmosphere 
after which the cells were washed twice with 2.0 ml of fresh medium. Triplicate aliquots (75 ul per 
well) of the washed suspensions were then reincubated in microwells of a Costar microplate, diluted to 
0.2 nil with culture medium and 50^*01 of ^H-thymidine (25^1) was added to each well. After an 18 
hour incubation at 37°C, the cells were harvested onto filter discs, using a Sketron AS cell harvester. 
The discs were then dried, placed in scintillation solution and counted in a liquid scintillation counter. 
PMD/®^ n ^ ^^^^^^ experiment, giving the average DNA-associated counts of three wells as 
UMP/well or as percent of control cells, are presented in Table II below 
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TABLE 2 

'H-Thymidine incorporation into DIMA of cells exposed to 

5 MTX<1' 

Concentration No Drug IVITX iVITX-PLL 

Cell Type ' in Medium (M) (CPM) (CPM) (%)A (CPM) (%)B A—B'^' 

MTX-Resistant 0 59,989 — — " — — — 


10 



10-9 


59,862 

(101) 

61,099 

(104) 

0 


10-7 


61,059 

(103) 

49,43 1 

(84) 

19 

15 

10-8 


49,341 

(84) 

17,681 

(30) 

54 

MTX-Sensitive 

0 

64,568 







108 


62,5—7 

(97) 

68,234 

(106) 

0 

20 









^o-^ 


51,451 

(80) 

53,67 1 

(91). 

0 


10-s 


1 5,679 

(24) 

24,439 

(38) 

0 


25 

(1) Either in free or conjugated form 

(2) Increased inhibition obtained with drug in conjugated form {% of control) 

These data demonstrate that human tumor cells can be inhibited by MTX-PLL They show that 
30 while human cells resistant to MTX are not, or only minimally, influenced by free MTX, they are strongly 
inhibited by MTX-PLL Since this inhibitory effect is comparable in magnitude to that caused by MTX in 
MTX-sensitive ceils, it can be concluded that the conjugated drug is capable of totally overcoming drug 
resistance in a human tumor cell line. It is apparent also that sensitive cells respond in similar fashion to 
both free and conjugated drug. 
35 The data presented in this example indicate that the growth inhibitory effects recorded on Chinese 
hamster ovary cells (Examples 15, 17 and 20) and on the murine lymphosarcoma P 1798 (Examples 
23 and 24) are relevant to the treatment of human tumors. 

Example 29 

40 Covalent bonding (conjugation) of the nucleotide analog 6-mercatopurine Ribosylphosphate (6-MPRP) 
to PLL 

The nucleotide corresponding to 6-mercaptopurine (6-MP), namely 6-mercaptopurine 
ribosylphosphate (6-MPRP), was conjugated to PLL, MW 70,000, using the carbodiimide reagent, as 
descritied in Example 13 above. The reaction time was reduced to 1 hour at 25*'C. Column 
45 chromatography of the reaction product on Sephadex G-50 gave a sharp separation of conjugated and 
free 6-MPRP. The 2 forms of 6-MPRP had comparable UV absorption spectra, indicating that 
conjugation had not caused any modification of the mercaptopurine moiety. 

Example 30 

50 Cytocidal effects of 6-MPRP and 6-MPRP-PLL conjugate on L-929 fibroblast cells 

Cytocidal effects of 6-MPRP-PLL conjugate and of unconjugated 6-MPRP plus free PLL were 
compared using monolayer cultures of L-929 fibroblasts. Sparse monolayers in phase of exponential 
growth were exposed to 1 x ^0~^ M ixee or conjugated 6-MPRP for 1 h, 24 h after inoculation. After 
exposure to the free or conjugated drug, the monolayers were kept growing for 2 days in standard 

55 growth medium, at which time no cytocidal effect could be detected. When the cells were subcultured 
and incubated for 7 additional days, the cells exposed to 6-MPRP-PLL failed to show any growth while 
cells exposed to a combination of free 6-MPRP and free PLL grew at a rate undistinguishable from that 
of controls. A preparation of 6-MPRP-PLL that had been briefly trypsinized caused a 50% inhibition of 
cell growth. Under other experimental conditions, i.e., when* 6-MPRP and 6-MPRP-PLL were present for 

60 the duration of the experiment at a concentration of 2 x 1 0"f /W, both compounds_had inhibiting effects. 
The data obtained are plotted in PIG. 8 and demonstrate: '{1 ) that the 6-MPRP-PLL conjugate 
possesses biological activity; (2) that the conjugate can kill cells after a very short time of exposure in 
experimental conditions under which the free nucleotide is ineffective; and (3) that a nucleotide analog 
can be made to penetrate cells by employing PLL-conjugate, 

65 


27 


• 

0 009 498 


- „ , . Example 31 

Cellular uptake of i25|.iabe[ed homopolymers of L-lysines 


TO 


15 


Poly-L-lysines of three different average molecular weights, i.e.. 38,000, 1 1 5,000 and 230 000 
^33 00 5?9''"3l n"l7l. '^f Bolton, A. E. and Hunter W M .Sm l' 

Monolayers of Sarcoma S-180,.an established tumor cell line, were grown to confluence in 
Eagle s medium and were used to measure cellular uptake of i«|.pLL The poly-L-lysine Sncentration 
m the medium was 3 Wml throughout. The experiment was carried ouUolloSg the proJS 
described in Example 3 for the measurement of i«l-HSA except that measurememL were mSfaft^^^ 
one and sixty mins. of incubation at ZT>C. The results, corrected for the relaSe puX and soecific 
radioactivity of the three poly-L-lysine polymers, were as follows: ^ ^ 

Uptake (ng/mg cell protein) 

60-min 

... _ . (Corrected for 

Hilt./ xn.. NO. of Concentration Concentratinn 

MWofPLL Measurements - " ^onc_entration 


38,000 1 1 

1 1 5,000 9 
2S 250,000 8 


(nM) 

1-min 

60 min 

79 

18.8 

349.4 

24 

112.3 

513.3 

13 

153.7 

695.4 


of79nM) 


349 
1717 
4209 


fashion'^When ''''f^''1 P^'y-L-ly^'nes are readily taken up by cells in a time-dependent 

T/mil th!.l K ^^T^ °^ polymers are used in the same weight per volume concentration 
(3 fig/ml). their absolute uptake increases with their molecular size 

'° was 7q "/i^nH^i ^nM ""^^^ these experimental conditions the molar concentration of the 3 polymers 
«nL .dtr ^i"^' '■espectively, and assuming that the uptake is linear with concentration in that 
f«f;oi for a uniform concentration of 79 nM. These correc ed la ues 

how taTl .T^fnl, "r'rr'' '!'r'°"«f^'P *° •"°'«'="'ar weight, as shown in FIG. 9. Thte results 
show that the cellular uptake of homopolymers of L-lysine increases linearly with their size. 

I * I. . . . Example 32 

Intracellular breakdown of ingested ^^{-PLl by Sarcoma S-1 80 cell monolayers 

.^°"™ent monolayers of Sarcoma S-180 were grown as described In Example 31. Thev were 
incubated for 60 minutes in serum free medium containing 0.2 «g/ml of «s|-pll of 1 5 000 moCar 

Tnifvldlnd^'hl'monol?''"''^'^'^' Ti' '"«="^^^°n period thefa^ele^med'um^^^^^^^ 

m^nou the monolayers were thoroughly washed with buffered salt solution (BSS) The 

TtimP nn tnTil'''"" T'^'^f!?'^ non-radioactive conditioned growth medium for Various periods 
fllZ J^ w • At each time, measurements were made of the acid soluble radioactivity bo h in 
45 iatam oZa2^t^L'H''•/^^ 'T"^ '^'"'''^ radioactivity of the medium was measured in the super- 
radfoacSvlw 1 ' ''°']^^"^'^''°? 9^ 20% trichloroacetic acid aCA). The acid soluble 

L ^'^t'^®"^ '"sasured by trypsinization of the monolayers, thorough washinq of the 

of 20O/ ?CA r™""^ ?n "V*^''^ '''"^ '■"'^'"'"^ components with a fLuoncentStSn 

. M T A ^^u'^ 8 reP'-esents the results of a typical experiments and shows the generation of TCA 
soluble labeled breakdown product of '^^l-PLL as a function of time. generation of TCA 

that ilh^l^l® ' "iT'®' <=o^''esponding to the acid soluble radioactivity of the culture medium shows 

refncibat oS and iTth'^^l"" °^ '""^'^^^ ^ ''^'^'''^ "^^^ium over the tot ? p;riod of 

reincubation and that this release increases linearly between 1 and 12 hours. By contrast the ceM- 
associated acid soluble radioactivity remained essentially constant over a period of 24 hours 
55 down^^sidp'^fAtS?J'''M^'--.*''?lP,°^^ '^^"^ ^"""9 a 1 hour period of incubation is broken 
bX whl?n n.™^^^ ''"'^ '° P™'^""*"' °f ^ s-^^" constant amount is retained 
noted thJ %S pirr« fK7.''^?u"V' 1''°'^*'*^ ^"^ accumulates in the growth medium. It should be 
^TuJ^ , . ^^,^1^^^!^^ ^'^'^ Bolten-Hunter reagent and that the labeled lysyl or oligolysyl 

60 

^ I. 1 . . . Example 33 

phinotypT ' " '"'^ ' ^"^'"9 " temperature sensitive malignant 

65 H;,.,ot?^r''^"'^®"Sn??M,°"® '^'^'^ ^ "^'^y ^^""^^^^ ""e (BHK) transformed by exposure to 

S5 dimethylnitrosamin (DMN), growing with a non-malignant phenotype at 32°C and a malignant 
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phenotype at 38.5°C, This temperature-sensitive mutant line, called BHK |DMN*s) was described by G 
DeMayora et al. Proc. NatL Acad, ScL USA., 70, 46—49 (1 973). The cells w re grown as monolayers 
in Dulbecco's high glucose medium. The transition from normal to transformed phenotype requires 3 to 
4 population doublings or approximately 56 hours of growth at 38.5°C. The reversion to the normal, 
non-malignant phenotyp likewise requires 3 to 4 population doublings or approximately 112 hours of 
growth at 32°C. PLL and PDL of average molecular weights of 125,000 and 130,000, respectively, 
were radioiodinated as described In Example 31. At time 0, the growth media of the confluent mono- 
layers were replaced by serum free medium prewarmed to 37°C and containing 3 wg/ml radio- 
iodinated polymer. The monolayers were then incubated for 60 min, at 37 °C. At the end of incubation, 
the cells were washed, detached, washed further and processed for measurement of ^^s] radioactivity 
as described in Example 31. The results were as follows: 


Cellular Uptake In 60 min. (ng/mg cell 

1 protein) 

Phenotype 

PLL 

PDL 

Normal 

525 

685 

Transformed 

750 

680 

Transformed/Normal 

1.43 

1 


These data show that PLL is taken up more effectively by cells of the transformed phenotype than 
by cells of normal phenotype. A comparable difference, however, is not apparent in the uptake of PDL. 
This finding suggests that malignant growth behaviour may be associated with greater cellular uptake 
of PLL, and hence of PLL conjugate. This example of preferential uptake is of interest because it would 
be highly desirable for the purpose of selective toxicity in cancer chemotherapy to achieve greater 
transport of cancer drugs into malignant cells. 

Example 34 

Intracellular breakdown of ingested ^^^-Pll and ^^Sj-POL by BHK (DMN) Ts cells at permissive and non- 
permissive temperatures 

This experiment employed the cells described in the preceding example. The cells were grown, 
and exposed to radiolabeled PLL or PDL as described in Example 33 except that the labeled polymer 
concentration was approximately 0.3 /ig/ml After the 60 min. incubation at 37°C, the labeled medium 
was removed, and monolayers were thoroughly washed with buffered saline solution. An additional 
wash with saline containing 25 mg/mi dextran sulfate was carried out to remove surface-bound ^^sj. 
polymers. The monolayers of cells with either phenotype were then reincubated for 24 hours at 32°C in 
the presence of unlabeled conditioned medium, after which the radioactivity of the medium and of the 
cells were measured separately. A second set of monolayers of either phenotype was reincubated for 
24 hours at 38.5°C and processed in similar fashion. The total radioactivity measured in the medium 
and in the cells was expressed as ng ^^^-PLl per mg cell protein. The results were: 

Radioactivity (ng i25|.pLL) 
per mg Cell Protein 


In Medium (a) In Cells 


Temp, of 
Relncubation 

Phenotypic 
State 

PLL 

PDL 

PLL 

PDL 

32° 

Normal 

13.6 

3.29 

12.4 

21.5 


Transformed 

20.4 

3.63 

11,3 

30.1 

38.5* 

Normal 

20.6 

4.87 

11.8 

20.1 


Transformed 

26,9 

6.06 

9.7 

35.7 


(a) A large fraction of the medium (35 to 60%) was acid solubl . 

These data .show that the radioactivity introduced into the cells as ^^^\-FDL tends to remain in the 
ceils rather than to appear in the culture medium while a large fraction of PLL radioactivity disappears 
from the cells and is excr ted into the medium. That the higher cell-bound radioactivity of cells exposed 
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so 


55 


60 


65 


to ^25i_pDL IS not due to a greater cellular uptake can be inferred from the data nf Fvamnio . u- u 

those of Example 32 provide independent evidence that ingested PLL is readily hvXiSlnsKS 
ceils to small molecular diffusible breakdown products while inaested PDi i« nnt Thni^^ mside the 

MTX-PDU and of Example 36 comparing the stability of HSA-PLL and HSA-PDL comn^Ivpe 

mporance J vfew of th. data we obtained with anta^ ZS£'^lZ.^^CS^S23"il 

rs - . . . . . - 

r ir I * , r . . Example 35 

Cellular uptake of trypan b ue-PLL complexes compared to that of free trypan blue 
'° soluble X^^e^a's r^r^ 
. =XXo?J eK oro^:^alof 

P.rrl.o''"''/^'" ?I PLL-conjugates. This obse^ation opens thrpS^ssiwU of iS dvl 

^ PLL complexes for rap.d screening of membrane transport or tissue distributbn^ PLL ^ ^ 

Complexes of poly-L-lysine (PLL), poly-D-lvsine (i^'l.'f nf^v/-l nmithino mi ni j , . . 
(PLHA) with h>,ma„ sL„, elbu.^o (HS* fti'Tic^liSr 

their " So £Sta w ,h °"l H°,f 'nlrh""?'" °' P-ompted a stud" of 

I^Z1S,£S i?«r" '--XSefpl'JJf 

not '=?^;iet* ^.r^^^^^^^^ 

: aggregation might bear soma relationship to the enhancement of HsHpttte 

a.da;?hprrsa 
:s?rr,ran"sro;%^^^^^^^^^ 

*a't!S£ Z f !«™Pi«°™<'lc«lly =nd that the rate la IdenScal foXth L.m^^^^ 

*==iSr^L^r n?r' ' ^" -^^^^^^^^ 

bimilar experiments were carried out w th PLO and with PLHA exceot that thp pi ha 

TnZTT T.30/"g/ml and trypsin was added after 30 minutes fhe HSA-PLHA Jomlxes 
showed intermediate susceptibility to trypsin, as shown in FIG. 12, complexes 

industrial Applicability 

This invention has industrial applicability in the clinical treatment of diseases such as in thp 
cancer and antimicrobial chemotherapeutic applications described herein ^ 
This invention can also be used in areas of drug therapy other than cancer and antimicrobial 
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chemotherapy, wh never deficiency in cellular drug transport appears to be the cause of a poor 
respons to drug tr atment Such areas may include metabolic, endocrine, cardiovascular and other 
diseases. 

Another area of application is the treatment of certain genetic diseases characterized by enzyme 
5 deficiencies. Several genetic diseases, especially storage diseases, are characterized by the absence or 
abnormality of specific lysosomal enzymes. In certain instances, these enzymes have deficient catalytic 
functions and fail to hydrolyze natural substrates present in lysosomes (e.g., sphyngolipidosis or 
glycogenosis). In other cases, especially in a mucopolysaccharidose called l-cell disease, enzymes have 
a normal catalytic function when tested in cell free systems but lack recognition markers responsible for 
10 their cellular uptake and for their normal distribution in diseased tissues. In both instances, it would b 
important to have available for possible therapy enzymes having an increased ability to enter into th 
diseased tissue. While the results of enzyme therapy in these diseases have so far been disappointing, 
some modest beneficial effects have been observed in a few instances. It can be anticipated that such 
partial success will be improved by using polycationic conjugates of these enzymes to enhance their 
15 cellular uptake. 

Increased cellular uptake is also useful in areas employing protein or other macromolecules as 
biological markers. There are proteins, such as peroxidases, ferritin, cytochromes, catalases, etc., which 
are useful biological markers because they or their reaction products can be visualized within cells 
using either light or electron microscopy. Horseradish peroxidase, for example, is taken up by nerve 

20 endings and transported along the nerve axons to cell bodies, and this phenomenon has been used 
successfully to study neuronal connections in the central nervous system. Any method to increase 
cellular uptake or decrease intracellular breakdown of such biological markers will increase their useful- 
ness in ceil biology and/or neurobiology, since their effectiveness is usually limited by the ratio of their 
cellular uptake to their intracellular digestion. 

25 This invention may also be useful in enhancing the cellular uptake of protein hormones or 

polypeptide hormones, such as insulin, especially when specific receptors for such hormones have been 
abolished or damaged by mutations or by diseases. 

There are many other applications, of course. Some of these could Include the cellular transport of 
chelating agents, immunological agents, interferon, growth stimulating or inhibiting factors or other 

30 molecules having biological functions. 

The method could also be used to increase the cellular uptake of pesticides, including insecticides, 

etc. 
Claims 

35 

I. A substance comprising a biologically active moiety for uptake into living cells in the body, 
characterised in that the substance is a polymeric conjugate in which the biologically active moiety is 
covalently bonded to a cationic polymer, the molecular weight of the cationic polymer being selected to 
enhance the rate of cellular uptake of the moiety to a predetermined extent. 

40 2. A substance according to claim 1 , wherein the cationic polymer comprises a polylamino acid) 

poly(amine) or substituted polysaccharide. 

3. A substance according to Claim 1, wherein the cationic polymer is selected from poly-L-lysine, 

poly-L-ornithine, poly-L-arginine, poly-L-homoarginine, poly-L-histidine, poly-L-diaminobutyric acid and 

optical-D-isomers and copolymrs thereof, 
45 4. A substance according to claim 1, wherein the cationic polymer comprises a polylamino acid) 

which is broken down into normal physiologic by-products by proteolytric enzymes present in the 

mammalian cells. 

5. A substance according to any one of the preceding claims, wherein a spacer molecule is 
provided between said moiety and said cationic polymer, the spacer molecular being selected to 

50 provide control of intracellular release of said moiety. 

6. A substance according to any one of the preceding claims, wherein said moiety comprises a 
macromolecule. 

7. A substance according to claim 6, wherein said macromolecule comprises a protein. 

8. A substance according to claim 6 or claim 7, wherein said moiety is selected from an enzyme, a 
55 hormone, a growth factor, an immunoglobulin, an immunoglobulin fragment and a protein having 

special transport properties. 

9. A substance according to any one of claims 1 to 5, wherein said moiety comprises an 
lysosomal enzyme. 

10. A substance according to any one of claims 1 to 5, wherein said moiety comprises an 
60 antimicrobial drug. 

I I . A substance according to any one of claims 1 to 5, wherein said moiety comprises adenosine 
arabinoside. 

12. A substance according to any one of claims 1 to 5, wherein said moiety comprises a cancer 
chemotherapeutic agent. 

B5 13. A substance according to any one of claims 1 to 5, wherein said moiety is selected from 
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methotrexate, 5-fluorouracil, daunorubicin and doxyrubicin 

nucIeo\t^rn'uSd:"n"S^^^ °" '^'""'"^ ' ^° ^^^^ -''^ --ty comprises a 

practice 0^ medtrne. *° ' administration to the human or anim'al body in the 

17. A substance according to claim 16 for use in therapy 

polymeric con|ugate In which the moiety le covaleraly l»„Td toTcMlonio ^Sm., ^.f T °', ' 
p":'irm«^."°"™' " e„h,:ce1ht,'tro,%Sa7S?«^^ 

for ronVerTSc irS^,l;SS«,,'t^f'^"' '"'^T"" ""'"3 i" the animal body 
moiety la aSSed rth1;TeSa'''f„' »^ToVtert?n!^^^^^^^^^ 'rc^'SfrllL'?"^ 

^> and the pSvrrTaeSSZ'ro* U»r;S°:^l'„','"„"'?;'' '=°'"',''^»'' = '"'"°="^='"V enzyme 

po.y<-hrst«Vpoiy-^rmS„",?ra^^^^^^ 

Revendications . - 

" cellules Ittr^u LTrS'Se^'nt^ou^f ^'"'^ '^^^'"^^ ' '''' 

fraction biologiquemeSvTeS iSe dT^^ "? P™''"'* 'l^^j^Q"^ P^'V'^^^e dans lequel la 

Poly(a^i^Sd^ .e polym.re cationi.e est un 

histidine. racide JL'^^Sbu^^^^^^^^ ouSirYr""' ' P°'y-L-homoarginine, la poly-L- 

<o 4. Substance sulvant la reSSnT n»r!. "^^^^ '^""^ copolymeres. 

poly{amino-acide) quT est ^^coZs?ersous o^^^^^^^ " P"'^'"^^" "^'""'""^ 

proteolytiques presentes dans "eTcelLies des mallSre's 

molecule dSem^tt'el[p"Iv'^^^^ revendications prScedentes, caracteris^e en ce qu'une 

<5 d-ecartement etanrchoisle pTurassu^la c?nt S^^^^^^^^ '"''^^"'^ 
cette L^n-e^un-'r rf^^^^^^ 

proteine revendication 6, caract^risee en ce que cette macromol^cule est une 

" Parmi^uneX^me^Z^^^^^^ ,~^e en ce que cette fraction est choisie 

fraction it'^n^'eUle tosomal^ revendications 1 , 5, caracteris^e en ce que cette 

" fraction°estt mSic'i^^^^^ '^n^St^T ^ ^ ^' ^^^^^'^^^ - - cette 

fraction est^SrsrcSrS-aSs revendications 1 , 5, caract.risee en ce que cette- 

so ' ' - - cette 

fraction est"SSsTe%'atl7e''S'oS^^^^ ?f. revendications 1 i 5, caract^risee en ce que cette 
14 Substanie ?uSn i'.?„o ° ?''^*''' '® 5-fluorouracile, la daunorubicine et la doxyrubicine. 

fraction e|;rnu°cS^^ ^ ^ 5. caract.ris.e en ce que cette 

15. Substance suivant I'une quelconque des revendications 1 d 5, caracterisee en ce que cette 
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fraction est choisie parmi la 6-mercaptophosphoribosyl-purine, I'arabinosyl-phosphate de cytosine et 
I'arabinosyl-phosphate d'adSnosine. 

16. Substance suivant la revendication 1, destln^e i gtre utilis§e lore d'une administration au 
corps humain ou animal dans la pratique de la m^decine. 

1 7. Substance suivant la revendication 1 6 destin^e it etre utilis§e en th^rapie. 

18. Procede en vue d'effectuer une absorption d'une fraction biologlquement active dans des 
ce u es vivantes in vitro, caracterisi en ce que la fraction biologiquement active est administr^e aux 
cellules sous forme d'un prodult conjugu6 polymdre dans lequel la fraction est \i6e de manier 
covalente d un polymdre cationique, le poids mol^culaire du polym^re cationique 6tant choisi oour 
am6liorer le taux d'absorption ceilulaire de la fraction d un degr6 predetermine. 

1 9. Precede en vue d'effectuer I'absorption d'une fraction biologiquement active dans des cellules 
vivantes dans le corps animal d des fins industrielles non therapeutiques et non destinies d poser un 
diagnostic, caractirise en ce que la fraction biologiquement active est administree aux cellules sous 
forme dun produit conjugui polymSre dans lequel la fraction est W&e de maniSre covalente d un 
polymere cationique, le poids moieculaire du polymdre cationique etant choisi pour ameiiorer le taux 
d adsorption ceilulaire de la fraction d un degrS predetermine. ' 

20. Procede de preparation d'une fraction organique biologiquement active destin6e d Stre 
absorbee dans des cellules vivantes avant I'administration de la fraction biologiquement active aux 
cellules, caracterise en ce que la fraction est liee de maniere covalente d un polymdre cationique qui 
lorsque la fraction est administree aux cellules, sert de support pour transporter la fraction dans les 
ce u es, le poids moieculaire de polymere cationique etant choisi pour ameiiorer le taux d'absorotion 
ceilulaire de la fraction & un degre predetermine. 

21. Precede suivant la revendication 20, caracterise en ce que la fraction est une enzyme 
biologiquement active et le polymere est choisi parmi la poIy-L-iysine, la poly-L-omithine, la poly-L- 
arginine, la poly-L-homoarginine, la poly-L-histidine. I'acide poly-L-diamlnobutyrique. ainsi que leurs D- 
isomeres optiques et leurs copolymeres. 

Patentanspriiche ~ — ■ 

1. Substanz mit einem biologisch aktiven Teil zur Aufnahme in lebende Zellen des Korpers da- 
durch gekennzeichnet, daB die Substanz eine polymere konjugierte Verbindung ist, in der der biologisch 
lilnhJp ^" em kationisches Polymer gebunden ist, wobei das Molekulargewicht des katio- 
stimmtes Marerhlht^^"' '^^^ ^'''^ Aufnahme des Tiils auf ein vorbe- 

2. Substanz nach Anspruch 1 , dadurch gekennzeichnet, daB das kationische Polymer eine Polya- 
minosaure, em Polyamin oder substituiertes Polysaccharid umfaSt. 

3. Substanz nach Anspruch 1 , dadurch gekennzeichnet, daB das kationische Polymer unter Polv- 
L-Lysin,_ Poly-L-Ornithin, Poly-L-Arginin, Poly-L-Homoarginin, Poly-L-Histidin, Poly-L-Diamino- 
sutyrilsaure und optischen D-lsomeren und Copolymeren aus diesen ausgewahit ist 

4. Substanz nach Anspruch 1, dadurch gekennzeichnet. daS das kationische Polymer eine Poly 
(Aminosaure) umfaBt die durch in Korperzellen von Saugetieren vorhandene proteolytische Enzyme in 
normale physiologische Nebenproduckte zerfallen ist. yon 

5. Substanz nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB zwischen 
dem Teil und dem kationischen Polymer ein Abstandsmolekul vorgesehen ist. das so gewahit ist daS es 
eine Steuerung fur ein intracellulares Freisetzen des Teils schafft. 

6 Substanz nach einem der vorhergehenden Anspruche. dadurch gekennzeichnet, daB der Teil 
ein Makromolekul umfaBt. 

umfaSt' ^"'^^^^"^ "^'^^ Anspruch 6. dadurch gekennzeichnet, daS das Makromolekul ein Protein 

8. Substanz nach Anspruch 6 oder 7, dadurch gekennzeichnet, daS der Teil unter einem Enzym 
einem Hormon, einem Wachstumsfaktor. einem Immunoglobulin, einem Immunoglobulinfragment und 
einem Protein mit besonderen Transporteigenschaften ausgewahit ist. 

somalenz^ym'SmfaBt"' ""^"^ '^^^ Anspruche 1 bis 5. dadurch gekennzeichnet, daiS der Teil eine Lyso- 

10. Substanz nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB der Teil einen anti- 
mikrobischen Wirkstoff umfaBt. 

Arab inos id umfaBt '^^^^ ^'"^"^ Anspruche 1 bis 5, dadurch gekennzeichnet, daB der Teil Adenosin- 

1 2. Substanz nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daS der Teil einen che- 
motherapeutischen Wirkstoff gegen Krebs umfaBt. 

♦ ^"'l^*^"^ nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daS der Teil unter IVIe- 
thotrexat, 5-Fluorouracil, Daunorubicin und Doxyrubicin ausgewahit ist. 

K. ., Substanz nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB der Teil ein 
Nukleotid oder em Nukleotidana logon umfaBt. 

1 5. Substanz nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB der Teil aus 6- 
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Susr''°''''°''"'°'^'''"""' Cytosinarabinosylphosphat und Adenosinarabinosylphosphat ausge- 

tienUen^KSrln der ^SntcVen P^T Verabreichung an den mensch.ichen oder 

^ io f/"^^i^"^ "^'^'^ Anspruch 1 6 zur Verwendung in der Therapie. 

verfahren zum Herbeifuhren der Aufnahme eines biologisch aktiven Teils einer Substan7 in 

lebende^Zelte^trder"^^^^^^^^ iJSrnfH' "'^^ «^ - 
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